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THE  COOK  COUNTY  TRANSPORTATION  SURVEY 

A  Digest  of  the  Report  of  a  Study  of  Highway  Traffic  and  the  Highway  System  of  Cook  County,  Illinois  1 

Reported  by  J.  Gordon  McKay,  Chief  of  the  Division  of  Highway  Transport  and  Economics,  TJ.  S.  Bureau  of  Public  Roads 

ANALYSIS  of  the  present  volume  of  traffic  on  the  The  building  of  highways,  in  spite  of  a  continuous 
highways  of  Cook  County,  the  composition  of  construction  program,  has  not  kept  pace  with  the 
this  traffic,  and  the  expected  traffic  in  1930  increasing  volume  of  traffic.  During  the  period  1913 
demonstrates  the  need  for  extensive  highway  im-  to  1925  there  were  constructed  in  the  county  346  miles  of 
movements  in  the  county  during  the  next  few  years,  paved  highways  at  a  cost  of  approximately  $10,440,000, 
Highway  traffic  in  sections 
of  the  county,  particularly 
the  zone  surrounding  the 
city  of  Chicago,  already 
exceeds  the  functional 
capacity  of  the  improved 
routes  in  these  sections, 
and  the  great  increase  in 
traffic  that  may  be  ex- 
pected during  the  next 
five  years  indicates  that 
unless  a  comprehensive 
betterment  program  is  in- 
itiated and  substantially 
completed  within  this 
period,  the  comity  and  the 
city  of  Chicago  will  suffer 
seriously  from  the  lack  of 
adequate  highway  facili- 
ties. The  daily  cost  of 
highway  congestion  to  the 
citizens  of  Cook  County 
is  excessive  at  the  present 
time,    and    will    become 


nearly  1  mile  of  improved 
highway  for  every  2  square 
miles  of  area.  Since  1920 
the  mileage  of  improved 
highway  per  registered 
motor  vehicle  has  been 
steadily  decreasing. 

The  present  highway 
system  is  unable  to  serve 
the  present  traffic  properly 
not  only  because  of  the 
lack  of  improved  mileage 
but  also  because  of  the 
lack  of  adjustment  of  the 
present  system  to  the 
traffic  needs.  The  analy- 
sis of  the  1924  traffic  shows 
the  importance  of  the  city 
of  Chicago  as  a  source  of 
the  traffic  on  the  highways 
of  the  county.  A  very 
large  part  of  this  traffic 
consists  of  vehicles  operat- 
ing between  Chicago  and 

enormous  by  1930,  unless  additional  highway  improve-    other  cities  and  villages  in  the  county.     As  the  cities 
ments  are  made  in  the  county  and  the  city.  and    villages    located    within    5    miles    of     Chicago 

It  is  essential  to  formulate  a  coordinated  plan  of  include  74  per  cent  of  the  total  population  of  the  county, 
highway  improvement  which  will  provide  highway  exclusive  of  Chicago,  it  is  evident  that  the  greatest 
transportation  service  for  present  and  expected  future  volume  of  traffic  must  be  between  the  city  and  the 
traffic.  The  present  system  of  improved  highways  is  5-mile  zone  surrounding  the  city.  There  are,  however, 
unsatisfactory  for  present  traffic  and  an  analysis  of  the  more  improved  highway  routes  leading  to  Chicago 
reasons  for  the  inadequacy  of  the  present  system  will  be  at  some  distance  from  the  city  line  than  there  are  at 
of  value  in  developing  the  plan  of  highway  improvement  the  city  line  because  of  the  convergence  of  main 
to   fully   serve   present   and   expected   future   traffic,    routes  as  they  approach  the  city. 


'HIS  article  is  a  digest  of  a  report  containing  the  re- 
sults of  highway  traffic  studies  in  Cook  County, 
111.,  conducted  during  the  summer  and  fall  of  1924 
under  the  cooperative  research  agreement  between  the 
Bureau  of  Public  Roads,  United  States  Department  of 
Agriculture,  and  the  Cook  County  highway  department. 

These  investigations  were  undertaken  in  order  to  obtain 
essential  facts  concerning  traffic  on  the  Cook  County  high- 
ways as  a  basis  for  planning  the  development  of  the  high- 
way system  in  the  Chicago  regional  area  to  serve  present 
and  future  traffic. 

The  conclusions  are  based  upon  the  present  density,  type, 
loading,  and  distribution  of  traffic  units  on  the  highways 
in  the  area,  upon  present  population  and  population 
trends,  upon  predicted  future  traffic,  and  upon  an  economic 
and  physical  analysis  of  other  factors  affecting  a  highway 
improvement  program. 

The  full  report  contains  the  data  and  conclusions  and 
presents  a  recommended  plan  of  highway  improvement 
for  Cook  County  indorsed  by  the  Cook  County  highway 
department,  the  United  States  Bureau  of  Public  Roads, 
the  Illinois  Department  of  Highways,  and  the  Chicago 
Plan  Commission.  This  program  is  an  integral  part  of  the 
plan  of  development  for  the  regional  area,  which  includes 
highways  and  streets  under  the  jurisdiction  of  the  several 
agencies. 


PRESENT   HIGHWAY    SYSTEM   INADEQUATE 

The  present  highway  system  is,  to  a  large  extent,  a 
development  of  a  system  of  roads  established  during 
the  period  when  the  horse-drawn  vehicle  was  the  vehicle 
of  highway  transportation.  A  considerable  mileage 
of  these  roads  have  been  provided  with  high-type 
surfaces,  but  the  locations  have  not  been  changed  and 
the  system  is  now  inadequate  for  present  traffic. 

Population  and  industrial  development  in  the  county 
have  increased  markedly  during  the  period  of  rapid 
growth  in  motor  vehicle  usage,  particularly  in  the  area 
adjacent  to  the  city  of  Chicago.  This  growth,  with  the 
closely  related  increase  in  motor  vehicles,  has  resulted 
in  a  steadily  increasing  volume  of  traffic  on  the  highways 
of  the  county  and  city. 

1  The  highway  traffic  studies  upon  which  the  report  is  based  were  conducted  under 
the  joint  supervision  of  Thomas  H.  MacDonald,  Chief  of  the  Bureau  of  Public  Roads 
and  Maj.  George  H.  Quinlan,  Superintendent  of  Highways  of  Cook  County.  J. 
Gordon  McKay,  Chief  of  the  Division  of  Highway  Transport  and  Economics,  Bureau 
of  Public  Roads,  directed  the  work  of  the  survey  and  the  preparaton  of  the  report 
assisted  by  O.  M.  Elvehjem,  E.  T.  Stein,  and  L.  E.  Peabody,  all  of  the  Bureau  of 
Public  Roads,  and  Warner  Harwood  of  the  Cook  County  highway  department. 


LACK   OF   CONTINUOUS   ROUTES   IN    CITY   AND    COUNTY 

In  the  city  there  is  a  lack  of  continuous  through 
routes  upon  which  traffic  can  move  freely  and  rapidly 
within  the  city  and  between  the  various  sections  of 
the  city  and  county.  The  effective  use  of  the  county 
highway  system  is  impaired  by  the  lack  of  a  sufficient 
number  of  connecting  streets  within  the  city;  and  this 
lack  of  coordination  of  county  highways  and  city 
streets  is  an  important  cause  of  traffic  congestion. 

Traffic  between  the  cities  and  villages  of  the  county 
is  second  in  importance  to  traffic  between  these  cities 
and  villages  and  Chicago.  Highways  connecting 
these  cities  and  villages  are  few  in  number  and  unable 
to  meet  present  traffic  needs.  A  network  of  improved 
highways  connecting  them  will  provide  routes  for  local 
traffic  and  relieve  congestion  at  the  city  entrances 
by  permitting  through  traffic  to  "by-pass"  the  city. 

The  traffic  capacity  of  the  present  county  system  is 
also  impaired  by  the  lack  of  continuous,  direct,  im- 
proved routes.  There  is  no  continuous  east-west  high- 
way across  the  county  between  the  Lincoln  Highway, 
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which  crosses  the  southern  part  of  the  county,  and 
One  hundred  and  eleventh  Street,  12  miles  to  the 
north.  By  the  development  of  7^  miles  of  new  high- 
way in  this  section  it  will  be  possible  to  provide  five 
additional  continuous  east-west  routes.  A  few  miles 
of  new  road  to  close  the  gaps  in  the  north-south  high- 
ways will  open  three  additional  through  routes.  The 
same  condition  exists  in  other  sections  of  the  county. 
By  paving  approximately  680  miles  of  new  highways  a 
large  number  of  present  non  through  routes  will  be 
connected  and  converted  into  through  routes,  and  the 
traffic  capacity  of  the  highway  system  greatly  increased. 

NATURAL  AND  ARTIFICIAL  BARRIERS  IMPEDE  HIGHWAY 
DEVELOPMENT 

The  natural  and  logical  development  of  the  highway 
system  has  also  been  impeded  by  the  presence  of  certain 
barriers  and  obstructions  to  its  orderly  development. 
These  barriers  are  of  two  types — natural  and  artificial. 

Natural  barriers  are  limited  largely  to  waterways, 
the  topography  in  other  respects  being  favorable  to 
highway  location.  Extending  southwest  from  the  city 
are  three  parallel  waterways, — the  Des  Plaines  River, 
the  Sanitary  Canal,  and  the  old  Illinois  and  Michigan 
Canal.  Bridge  construction  over  these  waterways  is 
very  expensive  and  has  had  considerable  influence  on 
highway  location.  At  the  present  time  there  are  only 
three  locations  where  highways  cross  these  waterways 
in  a  distance  of  20  miles. 

Lake  Calumet  and  Wolf  Lake  are  also  serious  water 
barriers  to  highway  planning.  The  lack  of  connecting 
highways  between  the  city  and  the  southeastern  part 
of  the  county  through  the  area  occupied  by  these  lakes 
and  the  surrounding  lowlands  has  compelled  traffic  that 
would  enter  or  leave  the  city  via  such  routes  to  use 
either  Indianapolis  Avenue  or  the  highways  west  of 
the  lake  district.  This  results  in  increased  motor- 
vehicle  operating  costs  due  to  the  indirect  routing  and 
also  congests  the  present  entrances  to  the  city. 

Although  natural  barriers  to  highway  development 
in  the  county  are  few,  artificial  obstructions  are  numer- 
ous. The  latter  are  the  natural  result  of  the  growth  of 
Chicago  and  the  surrounding  area. 

Railroad  trunk  lines  enter  the  city  from  all  directions. 
Industrial  trackage,  freight  yards,  classification  yards, 
and  structures  essential  to  the  railroad  business  sur- 
round the  city  on  all  sides.  These,  together  with  indus- 
trial establishments,  form  complete  barriers  to  highway 
routes.  Highways  must  be  constructed  around  rather 
than  through  such  areas.  Crossings  at  grade  reduce 
the  traffic  capacity  of  the  routes  and  are  a  constant 
hazard  to  vehicular  traffic. 

A  similar  effect  upon  highway  development  is  caused 
by  the  many  special-use  areas  which  have  developed  in 
the  suburban  area  around  the  city.  Brickyards, 
quarries,  golf  courses,  cemeteries,  and  other  develop- 
ments requiring  large  acreages  are  obstacles  to  the  con- 
struction of  through  highways. 

The  rapid  growth  of  population  and  motor  vehicle 
registration,  the  decrease  of  improved  highway  mileage 
in  proportion  to  motor  vehicle  registration,  the  lack  of 
improved  city  connections  and  sufficient  through  routes 
in  the  city,  the  lack  of  adjustment  of  the  present  high- 
way system  to  traffic  needs,  gaps  in  the  present  highway 
system,  and  the  natural  and  artificial  barriers  to  high- 
way development  are  the  principal  causes  of  the 
inadequacy  of  the  present  highway  system  and  of 
traffic  congest  ion. 


The  traffic  congestion  results  in  an  enormous  loss  of 
time.  Its  elimination  would  result  in  a  great  saving 
both  to  vehicle  owners  and  the  public.  It  is  difficult 
to  estimate  the  cost,  but  if  the  loss  due  to  delays  in  the 
transportation  of  people  and  commodities  and  the 
additional  use  of  gasoline  and  oil  due  to  traffic  delays 
could  be  computed  the  total  would  be  very  large. 

During  an  eight-hour  period  at  a  railroad  crossing  on 
Western  Avenue,  where  traffic  exceeds  15,000  vehicles 
per  day,  the  crossing  was  blocked  an  average  of  17  min- 
utes per  hour,  and  during  one  hour  was  closed  30  minutes. 

The  utilization  in  1924  of  418  miles  of  highway  in  the 
county  was  approximately  990,000  vehicle-miles  per 
day.  Assuming  an  average  speed  of  20  miles  per  hour, 
the  daily  vehicle-hours  are  49,500.  Assuming  that 
each  vehicle  loses  four  minutes  per  hour,  due  to  traffic 
congestion  on  the  county  highways  caused  by  natural 
or  artificial  obstructions  or  indirect  routes,  there  is  a 
daily  time  loss  to  traffic  of  3,300  vehicle-hours.  Con- 
sidering the  number  of  persons  per  passenger  car  and 
the  net  load  per  motor  truck,  the  value  of  this  lost 
time  is  at  least  $3  per  hour.  On  this  basis,  there  is  a 
daily  net  loss,  due  to  traffic  delays,  of  $9,900  on  these 
418  miles  of  highway.  Assuming  this  condition  to 
exist  300  days  during  the  year,  the  annual  loss  is 
approximately  $3,000,000. 

Recognizing  the  seriousness  of  the  situation,  the  Cook 
County  commissioners  requested  that  the  United 
States  Bureau  of  Public  Roads  cooperate  with  the 
county  in  an  investigation  of  highway  traffic  and  in 
the  formulation  of  a  plan  of  improvement. 

PURPOSE  OF  AND  SCOPE  OF  THE  TRANSPORTATION  SURVEY 

The  principal  purpose  of  the  survey  was  to  deter- 
mine the  present  and  anticipate  the  future  traffic  im- 
portance of  all  highways  in  the  county  as  a  basis  for 
the  designation  of  the  highways  to  be  included  in  a 
comprehensive  plan  of  improvement. 

The  second  major  purpose  was  to  classify  the 
selected  highways  in  accordance  with  their  relative 
traffic  importance  and  thereby  to  determine  the  rel- 
ative necessity  for  and  order  of  the  several  improve- 
ments ;  after  which  the  third  purpose  was  to  determine 
the  most  economical  type,  design,  and  width  for  the 
improvement  of  the  several  sections  on  the  basis  of  the 
following  factors : 

1.  Present  and  estimated  future  traffic  density. 

2.  The  average  daily  number  of  motor  trucks  of 
large,  medium,  and  small  capacity  using  various  sec- 
tions of  the  system. 

3.  Maximum  wheel  loads  and  the  frequency  of 
heavy  gross  loads  and  wheel  loads. 

In  general,  these  factors  govern  the  choice  of  the 
type  of  pavement  and  the  design  and  width  of  the 
improvement,  though  the  final  planning  of  each  specific 
improvement  must'  consider  financial  and  physical 
factors  such  as  the  cost  of  the  improvement  in  relation 
to  traffic  use,  topography,  drainage,  soil  and  subgrade 
conditions,  and  availability  and  cost  of  materials. 

For  the  purpose  of  securing  this  information  73 
traffic  stations  were  located  throughout  the  city  and 
county.  At  17  of  these,  mo  tor- truck  weights  were 
recorded.  Recording  stations  were  grouped  around 
the  weight  stations  and  the  truck  weights  recorded  at 
each  of  the  latter  were  imputed  to  the  surrounding 
stations  of  the  former  class.  At  all  stations  informa- 
tion as  to  origin,  destination  type  of  vehicle,  character 
of  load,  and  purpose  of  use  was  recorded  for  both 
passenger  vehicles  and  trucks. 


March,  1926 


PUBLIC   ROADS 


DENSITY   OF   MOTOR-VEHICLE   TRAFFIC 

The  traffic  map,  Figure  1,  supports  the  following 
general  conclusions  with  respect  to  the  density  of 
traffic : 

1.  The  greatest  density  of  traffic  is  found  on  a  few 
main  routes  entering  the  county  and  on  the  highways 
adjacent  to  the  city  limits  of  Chicago. 

2.  The  need  for  improved  highways  is  of  markedly 
less  importance  in  the  northwestern  and  southwestern 
sections  than  in  the  western,  northeastern,  south- 
eastern, south-central  and  north-central  sections  of 
the  county. 

3.  As  distance  from  the  city  of  Chicago  increases  the 
traffic  importance  of  the  highways  decreases. 

4.  There  are  five  congested  areas  in  the  county,  each 
traversed  by  one  or  more  highways  that  carry  traffic  of 
greatest  density. 

On  the  average  day  78,446  motor  vehicles,  approxi- 
mately two-thirds  of  the  traffic  between  the  city  and 
county  enter  or  leave  the  city  at  the  gateways  to  these 
five  congested  areas.  There  is  a  most  pressing  need 
for  additional  city  connections  to  diffuse  traffic  be- 
tween the  city  and  county,  as  well  as  the  need  for  ad- 
ditional through  routes  in  the  city.  River  Road  and 
the  recently  completed  Mannheim  Road  are  the  only 
north-south  routes  serving  the  territory  west  of  the 
city  and  available  for  through  traffic  that  wishes  to 
"by-pass"  the  city.     This  road  passes  through  thickly 

Eopulated  areas  and  now  carries  a  heavy  traffic  that  is 
ampered  by  intersections  with  important  cross  routes. 
New  north-south  routes  traversing  this  area  as  well  as 
east  and  west  routes  are  needed  to  diffuse  the  traffic. 

POPULATION   AND    HIGHWAY   TRAFFIC 

In  connection  with  the  survey  an  analysis  of  the 
distribution  of  population  and  the  trend  of  population 
and  industrial  development  was  made.  The  trends  of 
population  growth  in  Cook  County  vary  markedly  in 
different  sections  of  the  county.  With  some  excep- 
tions the  trends  are  similar  to  the  distribution  of 
present  population.  The  areas  with  the  lowest  den- 
sity of  population  also  had  the  lowest  rate  of  popula- 
tion change  between  1910  and  1920.  These  areas 
will  not  produce  a  large  amount  of  traffic  for  a  con- 
siderable time.  The  west,  northeast,  and  southeast 
sections  of  the  county,  which  are  adjacent  to  the  city, 
have  a  relatively  dense  population  which  is  increasing 
rapidly  and  present  the  greatest  need  for  highway 
improvement. 

On  the  basis  of  past  experience  highway  traffic  may 
be  expected  to  increase  even  more  rapidly  than  popu- 
lation. The  traffic  is  closely  related  to  the  number  of 
traffic  units  as  reflected  in  motor-vehicle  registration, 
and  the  registration  is  increasing  more  rapidly  than  the 
population.  In  1914,  31,869  motor  vehicles  were 
registered  in  Chicago,  or  1  vehicle  for  75.7  persons. 
In  1924  the  registration  of  motor  vehicles  was  305,143 
or  1  vehicle  for  9.64  persons. 

FORECAST   OF   HIGHWAY    TRAFFIC   IN    1930 

The  most  scientific  method  of  future  highway  traffic 
prediction  is  by  the  projection  of  past  traffic  and  motor- 
vehicle  registration  trends.  In  the  absence  of  com- 
prehensive traffic  records  over  a  number  of  years  it 
has  been  assumed  that  traffic  will  increase  at  the  same 
rate  as  motor-vehicle  registrations,  as  has  been  found 
to  be  true  in  Maine,  Maryland,  Michigan,  and  Wis- 
consin. 


An  additional  factor  which  is  negligible  in  consider- 
ing a  whole  State  may  be  of  considerable  importance  in 
Cook  County;  that  is,  the  effect  of  traffic  congestion 
upon  the  rate  of  increase  of  traffic.  In  Cook  County, 
however,  present  traffic  is  affected  by  congestion,  par- 
ticularly on  the  highways  entering  Chicago  within  5 


Fig.  1. — Average  daily  density  of  vehicular  traffic  on  Cook  County  highways,  1924 

miles  of  the  city.  Considering  the  increase  in  the 
number  of  routes  planned  for  construction  by  1930,  it 
is  doubtful  if  traffic  congestion  at  that  time  will  be  more 
severe  than  it  is  at  present,  and  it  may  therefore  be 
assumed  that  the  present  ratio  of  traffic  to  registration 
will  prevail  in  1930. 

Accurate  records  of  motor-vehicle  registration  for  the 
entire  county  of  Cook  for  a  series  of  years  are  not  avail- 
able. Such  records  for  the  city  of  Chicago  are  avail- 
able, and  it  is  necessary,  therefore,  to  assume  that  the 
rate  of  increase  of  motor-vehicle  registration  for  the 
county  is  approximately  equal  to  the  rate  of  increase 
within  the  city.  The  justification  of  this  expedient  is 
evidenced  by  the  fact  that  in  1920,  88.5  per  cent  of  the 
total  population  of  the  county  lived  within  the  city  of 
Chicago.  A  variation  in  the  rate  of  registration  in- 
crease between  the  city  and  the  county  exclusive  of  the 
city  will  therefore  have  only  a  small  effect  upon  the  rate 
of  increase  for  the  entire  county.  The  fact  that  popu- 
lation in  the  county  exclusive  of  the  city  is  increasing 
more  rapidly  than  the  population  of  the  city  will  tend 
to  make  conservative  an  estimate  of  future  registration 
based  on  present  city  registration. 

Vehicles  registered  in  the  city  of  Chicago  dominate  the 
traffic  on  the  highways  of  the  county.  More  than  50  per 
cent  of  all  trucks  recorded  on  county  highways  were 
registered  in  the  city,  and  trucks  registered  in  the  city  ex- 
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ceeded  by  65  per  cent  the  trucks  registered  in  the  county 
exclusive  of  the  city.  It  is  probable  that  the  distribution 
of  passenger-car  registration  is  quite  similar. 

The  registration  of  motor  vehicles  in  the  city  of  Chi- 
cago from  1914  to  1924  was  as  follows: 

Motor-vehicle  registration,  by  years,  in  the  city  of  Chicago 


Year 

Motor- 
vehicle 
registra- 
tion 

Year 

Motor- 
vehicle 
registra- 
tion 

1914 

31, 869 
42, 602 
60, 072 
73, 321 
76,  567 
93, 125 

1920— - 

109, 609 

1915 

1921 _._ 

166, 990 

1916.   .               

1922 

207, 150 

1917 

1923 

259, 043 

1918 

1924 

305, 143 

1919  .. 

From  this  data  it  is  estimated  that  there  will  be 
4.86  persons  per  car  in  the  City  of  Chicago  in  1930. 
This  figure  was  deduced  by  plotting  years  as  abscissas 
and  persons  per  vehicle  as  ordinates  and  projecting 
to  1930  a  least  square  curve  fitted  to  the  data  from 
1914  to  1924.  The  estimated  persons  per  car  for 
each  year  to  1930  are  shown  in  the  following  tabulation : 

Estimated  persons  per  car  in  the  city  of  Chicago  from  1925  to  1930 


1925. 
1926. 
1927. 


9.07 
7.92 
6.96 


1928. 
1929. 
1930. 


6.14 
5.45 
4.86 


Year 

Estimated 

motor 

vehicle 

registration 

Year 

Estimated 

motor 

vehicle 

registration 

1925 

330,  200 
384,700 
445,  500 

1928... 

513, 500 

1926... 

1929 

588,200 

1927... 

1930 

670, 500 

The  estimated  motor-vehicle  registration  on  the 
basis  of  the  above  figures  and  the  population  estimate 
is  as  follows: 

An  accurate  prediction  of  registration  upon  the  basis  Estimated  motor-vehicle  registration  in  the  city  of  Chicago,  1925 
of  the  rate  of  increase  in  the  past,  as  shown  by  these 
records,  will  make  possible  the  approximate  prediction 
of  future  traffic.  The  predicted  percentage  increase 
in  registration  applied  to  the  present  traffic  on  the 
highways  will  give  approximate  figures  for  the  future 
total  traffic  on  the  highways  of  the  area. 

It  is  not  expected  that  this  future  traffic  will  be  dis- 
tributed upon  the  same  routes  as  at  present,  owing  to 
the    development    of    new    and    auxiliary    highways, 

suburban  growth,  and  unusual  industrial  or  pleasure-  The  1930  estimated  registration  of  670,500  vehicles 

resort  developments.     Whether  this  future  traffic  can  is  an  increase  of  119.7  per  cent  over  the  1924  figure  of 

or  will  be  carried  upon  existing  routes  or  whether  new  305,143    vehicles.     This  percentage   increase    applied 

routes  are  needed  may  be  determined  by  other  con-  to  1924  traffic  on  the  Cook  County  highways  gives  the 

siderations.     The   traffic  here  predicted  for  a  given  estimated  traffic  for  1930.     This  estimated  traffic  is 

route  may  be  divided  between  the  present  route  and  shown  graphically  in  Figure  2. 

one  or  more  new  routes.  Figure  2  indicates  tTie  probable  traffic  conditions 

Two  facts  increase  the  accuracy  of  such  a  traffic  which  will  exist  on  the  main  highways  of  Cook  County 

forecast  based  on  motor-vehicle  registration,  namely,  in  1930  unless  new  routes  are  added.     Western  Avenue 

(1)  the  fact  that  comparatively  accurate  and  complete  near  the  city  line  may  be  expected  to  carry  an  average 

registration  statistics  are  available  over  a  series   of  of  33,600  vehicles  per  day.     At  least  five  other  routes 

years;  and  (2)  the  fact  that  future  registration  is  largely  may  be  expected  to  carry  a  daily  average  in  excess  of 

dependent  upon  future  population,  which  can  be  accu-  10,000  vehicles  near  the  city  line.     If  the  present  ratio 

rately  predicted  for  short  periods  of  time.  between  average  traffic  and  Sunday  traffic  continues 

Future  registration  is  the  quotient  of  future  popu-  until  1930,  in  excess  of  20,000  vehicles  may  be  expected 

lation  and  future  persons  per  car,  i.  e.,  the  ratio  of  to  attempt  to  use  each  of  these  routes  on  the  average 

population  to  registration.     Admitting  the  accuracy  Sunday.     In  view  of  the  present  congestion  of  traffic 

of  the  population  forecast,  we  have  the  problem  of  on  these  routes,  particularly  on  Sundays,  this  great 

forecasting  future  persons  per  car.  increase    in    traffic    will    result    in    impossible    traffic 

The  table  below  presents  the  population  of  the  city  conditions, 

of  Chicago  from  1914  to  1925  as  reported  by  the  United  With  few  exceptions  traffic  congestion  will,  in  1930  as 

States  Bureau  of  the  Census,  the  estimated  population  well  as  at  the  present  time,  even  if  no  new  routes  are 

from  1926  to  1930  as  computed  by  the  method  of  pre-  added,  be  limited  to  a  zone  approximately  5  miles  in 

dieting  population  used  by  the  Bureau  of  the  Census,  width  surrounding  the  city.     Five  routes  may  be  ex- 

and  the  persons  per  registered  vehicle  from  1914  to  pected  to  carry  an  average  daily  traffic  in  excess  of 

1924,    the    latter    determined    from    the    registration  10,000  vehicles  throughout  their  entire  length  in  the 

statistics  in  conjunction  with  the  population  statistics,  county.     On   the   outlying   sections   of   other   routes 

traffic  in  1930  is  not  expected  to  reach  the  capacity 
of  the  present  highway.  The  northwestern  and  south- 
western sections  of  the  county  will  continue  to  be  light- 
traffic  areas. 

THE   PLAN    OF   IMPROVEMENT 

The  analysis  of  traffic  upon  the  present  highway 
system  and  consideration  of  the  area  and  population 
of  the  area  to  be  served  has  developed  certain  funda- 
mental principles  which  must  be  incorporated  in  the 

Ian  of  highway  improvement.     These  principles  may 

e  summarized  as  follows: 

1.  The  plan  must  be  a  regional  plan. 

2.  It  must  provide  for  permanent  improvements. 


Past  population  and  persons  per  car  in  the  city  of  Chicago  and 
•  estimate  of  future  population 


Year 

Past  popu- 
lation and 
estimated 

future 
population 

Persons 
per  car 

Year 

Past  popu- 
lation and 
estimated 

future 
population 

Persons 
per  car 

1914 

2,412,218 
2,  464,  852 
2,517,486 
2,  570, 120 
2,  622,  754 
2,  675,  388 
2, 728,  022 
2,  780,  655 
2, 833,  288 

75.7 
57.9 
41.9 
35.1 
34.3 
28.7 
24.9 
16.7 
13.7 

1923 

2, 886, 971 
2, 942,  605 

2,  995,  239 

3,  047, 083 
3, 100,  507 
3, 153, 141 
3, 205. 775 
3, 258, 409 

11. 1 

1915 

1924 

9.64 

1916 

1925 

1917. 

1926    . 

1918 _ 

1927    . 

1919 

1928 

1920 

1929  . 

1921 

1930 

1922 
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3.  It  must  efficiently  serve  present  and  expected 
future  traffic.  To  accomplish  this,  it  is  essential  that 
all  important  sources  of  highway  traffic  be  connected 
by  direct  through  routes,  involving: 

(a)  The  construction  of  arterial  highways  between 

Chicago  and  the  principal  centers  of  pojmla- 
tion  of  the  county. 

(b)  The  connection  of  highways  in  the  area  sur- 

rounding the  city  with  through  city  streets, 
which  will  permit  traffic  to  move  rapidly 
and  directly  to  its  destination. 

(c)  The   construction    of    routes    connecting  im- 

portant cities  and  villages  in  the  county 
exclusive  of  the  city  of  Chicago.  These 
routes  will  also  serve  as  "by-pass"  routes 
for  traffic  desiring  to  avoid  the  city  and  as 
traffic-sorting  routes  in  the  present  congested 
areas. 

(d)  The  elimination   of  obstructions   to   the  free 

and  rapid  movement  of  traffic.  This  in- 
volves the  elimination  of  congestion  points 
such  as  rail  and  highway  intersections  at 
grade,  traffic  "bottle  necks",  and  sections 
of  inadequate  width. 

4.  The  plan  must  provide  for  the  acquisition  of 
right  of  way  for  required  future  routes. 

5.  The  present  constructed  sections  of  highway  must, 
as  far  as  possible,  be  utilized  as  the  basis  for  the 
proposed  plan. 

1.  Necesity  for  a  regional  plan. — In  order  that 
highway  development  may  adequately  meet  the  actual 
traffic  needs  of  the  Chicago  area  it  will  be  necessary  to 
coordinate  the  work  of  the  various  agencies  now  en- 
gaged in  highway  and  street  improvement  in  the  area. 
Such  coordination  can  not  be  accomplished  without  a 
comprehensive  plan  of  highway  location  and  con- 
struction. 

The  county  of  Cook,  the  city  of  Chicago,  the  State  of 
Illinois,  and  the  various  smaller  political  units  within 
Cook  County  are  contemplating  large  programs  of 
highway  and  street  improvements.  Each  political  unit 
is  limited  in  its  operations  by  legal  restrictions.  To 
obtain,  therefore,  a  unified  highway  system  it  is  essen- 
tial that  all  agencies  agree  upon  a  definite  improve- 
ment plan.  By  coordinating  highway  improvements 
according  to  an  established  plan  with  a  known  sequence 
of  improvement,  each  community  involved  will  secure 
the  greatest  possible  benefit  for  the  least  expenditure 
The  plan  must  serve  not  only  the  area  as  a  whole  but 
must  also  provide  improved  highway  service  for  each 
section  of  the  county. 

In  order  to  obtain  the  best  results  each  governmental 
unit  engaged  in  highway  and  street  improvement 
should  adopt  the  plan  and  work  in  harmony  to  com- 
plete the  program  of  improvement.  The  poorest 
section  of  a  highway  determines  the  capacity  of  the 
entire  route  and  the  failure  of  one  political  unit  to 
follow  the  general  plan  of  improvement  may  impair 
highway  service  to  an  entire  community. 

The  Chicago  City  Plan  Commission  has  developed  a 
comprehensive  plan  of  major  streets  for  the  city  of 
Chicago.  This  plan  of  the  county  highway  system  is 
coordinated  with  the  city  plan. 

2.  Need  for  permanent  high-type  improvements  — The 
large  daily  number  of  passenger  cars  and  motor  trucks 
on  the  highways  of  the  county  requires  the  best  type  of 


design  and  construction.  The  plan  must  therefore 
provide  for  highways  which  will  provide  efficient 
service  to  the  large  volume  of  present  and  expected 
future  traffic.  The  additional  present  cost  of  hig  h-type 
improvements  will  be  more  than  equalized  by  savings  in 
future  highway-maintenance  costs  and  motor- vehicle 
opertaing  costs.  Improvements  must  be  designed  to 
carry  the  expected  volume  of  heavy  truck  traffic  as  well 
as  the  large  total  number  of  vehicles. 


Fig.  2. — Forecast  of  average  daily  density  of  vehicular  traffic  on  Cook  Countv  high- 
ways, 1930 

3.  Need  for  a  highway  system  which  will  efficiently 
serve  present  and  expected  future  traffic. — The  present 
congestion  of  traffic  on  highways  near  the  city  of 
Chicago  is  evidence  of  the  inability  of  the  present 
highway  system  to  serve  present  traffic.  The  plan  of 
improvement  must  provide  highway  facilities  which  can 
carry  the  present  and  expected  future  traffic  without  the 
delays  and  inconveniences  caused  by  present  conges- 
tion. The  analysis  of  traffic  presented  in  the  report 
indicates  the  need  for  the  following  types  of  improve- 
ments. 

a.  Arterial  highways : 

The  distribution  of  population  in  Cook  County  and  the  princi- 
pal sources  of  highway  traffic  indicate  that  the  greatest  need  for 
such  arterial  highways  is  within  the  5-mile  zone  surrounding 
Chicago.  The  primary  movement  of  traffic  on  the  highway 
system  in  the  area  is  between  Chicago  and  the  belt  of  cities 
and  villages  surrounding  the  city.  To  provide  highway  service 
for  this  movement  it  is  necessary  that  each  of  these  cities  and 
villages  be  connected  with  Chicago  by  one  or  more  direct  routes. 
A  considerable  part  of  the  present  traffic  congestion  is  caused 
by  the  fact  that  there  is  at  present  an  inadequate  number  of 
such  connecting  or  arterial  highways.  Traffic  from  a  large 
suburban  area  converges  at  a  few  points  and  results  in  severe 
congestion  on  the  available  routes. 
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b.  The  connection  of  highways  in  the  area  surround- 
ing the  city  with  major  streets  in  the  city: 

The  provision  of  adequate  arterial  highways  to  the  city  line 
will  not  eliminate  congestion  unless  these  highways  are  connected 
with  additional  through  city  streets  which  will  permit  traffic 
to  move  freely  and  rapidly  within  the  city.  If  traffic  is  forced  to 
use  a  few  main  thoroughfares  within  the  city,  it  will  continue  to 
"pile  up"  at  the  present  gateways  to  the  city.  The  solution  of 
this  traffic  problem  can  be  found  only  in  the  coordinated  con- 
struction program  of  the  county,  the  city,  and  the  large  number 
of  independent  municipalities  in  the  area. 

Arterial  highways  are  also  required  in  the  sections  of  the 
county  lying  beyond  the  5-mile  zone  adjacent  to  the  city. 
Present  highways  will,  however,  more  nearly  meet  the  demands 
of  present  and  future  traffic  in  this  area.  The  widening  of  the 
present  routes  carrying  the  heaviest  traffic  or  the  provision  of 
a  few  alternative  routes  will  furnish  adequate  highway  service 
for  a  considerable  period  of  years. 

c.  Circuit  and  "by-pass"  routes: 

The  rapid  growth  of  the  cities  and  villages  in  the  area  sur- 
rounding Chicago  has  greatly  increased  the  local  interchange 
of  traffic  between  these  communities.  The  present  highway 
system  does  not  provide  adequate  connections  between  these 
cities  and  villages.  A  large  part  of  the  traffic  must  now  use  the 
congested  routes  leading  to  the  city  or  must  enter  the  city  and 
use  congested  city  streets.  Des  Piaines  River  Road,  and  the 
newly  completed  Mannheim  Road  are  the  only  north-south 
circuit  routes  in  the  section  west  of  the  city,  and  these  routes 
provide  highway  facilities  for  only  a  limited  number  of  com- 
munities. Traffic  between  Evanston  and  Oak  Park,  both  cities 
of  over  35,000  population,  must  either  pass  through  the  City  of 
Chicago  or  must  travel  almost  twice  the  required  distance  via 
Dempster  Street  and  Des  Piaines  River  Road. 

The  construction  of  adequate  circuit  routes  would  further 
relieve  congestion  on  the  arterial  highways  by  permitting  traffic 
destined  to  points  beyond  Chicago  to  "by-pass"  the  city,  and 
connections  between  the  arterial  and  circuit  routes  would  permit 
the  natural  sorting  of  traffic  outside  the  city  and  allow  traffic 
to  enter  the  city  by  the  most  direct  route. 

d.  The  elimination  of  obstructions  to  the  free  and 
rapid  movement  of  traffic: 

The  required  arterial  and  circuit  highways  will  encounter 
many  of  these  obstacles  and  must,  therefore,  be  carefully  planned 
in  order  that,  so  far  as  possible,  these  barriers  may  be  avoided. 
In  addition  to  obstructions  caused  by  railway  developments  and 
special-use  areas  the  arterial  highways  radiating  from  Chicago 
and  the  circuit  routes  around  the  city  must  of  necessity  intersect 
at  a  large  number  of  points.  Provision  must  be  made  for  the 
crossing  of  these  streams  of  traffic.  This  will  probably  involve 
the  separation  of  grades  at  certain  intersections  and  the  plan- 
ning of  intersections  which  will  involve  as  little  congestion  as 
possible  at  all  intersections. 

The  traffic  capacity  of  a  route  is  also  frequently  reduced  by 
narrow  sections  of  pavement,  narrow  bridges,  sharp  curves, 
blind  curves,  street  car  and  interurban  trolley  lines,  the  use  of 
the  highway  for  parking  purposes  and  by  local  traffic  on  certain 
sections  of  the  route,  particularly  when  the  route  passes  through 
the  business  section  of  a  community.  As  far  as  possible  such 
obstructions  to  the  free  movement  of  vehicles  must  be  eliminated 
on  all  important  traffic  routes. 

4.  The  plan  of  improvement  must  provide  for  the 
acquisition  of  right  of  way  for  required  future  use. 

The  normal  development  of  an  area  surrounding  a 
large  center  of  population,  such  as  Chicago,  results  in 
the  establishment  of  large  special-use  areas  through 
which  highways  can  not  be  located.  In  so  far  as 
future  highway  needs  can  be  predicted,  adequate  right 
of  way  for  future  improvements  should  be  obtained 
prior  to  the  establishment  of  these  special-use  areas. 
This  procedure  will  not  only  reduce  the  cost  of  the 
highway  system  but  will  also  provide  in  these  areas  a 
highway  system  so  designed  as  to  provide  the  most 
efficient  highway  service.     By  planning  for  the  future 


development,  many  of  the  obstacles  to  highway 
improvement  now  existing  in  Cook  County  can  be 
avoided  in  the  sections  of  the  area  which  are  now 
undeveloped. 

5.  The  proposed  plan  shall,  as  far  as  possible,  utilize 
the  highways  already  constructed. 

Principles  of  economy  dictate  that  where  a  through 
route  can  be  developed  by  the  construction  of  a  rela- 
tively small  unimproved  mileage,  this  highway  should 
be  made  a  part  of  the  proposed  plan,  if  there  is  a 
traffic  need  for  such  a  highway. 

In  establishing  the  order  of  improvement  of  the 
proposed  plan  it  is  obvious  that  improvements  should 
be  made  in  the  order  of  their  importance.  First  con- 
sideration should  be  given  to  improvements  in  the 
areas  and  on  the  routes  where  traffic  is  seriously  con- 
gested. Second,  the  routes  necessary  to  provide  serv- 
ice to  present  traffic  should  be  improved  and,  third, 
the  highway  right  of  way  should  be  obtained  on  routes 
planned  to  serve  future  traffic. 

In  accordance  with  these  principles  a  detailed  plan 
of  highway  improvement  has  been  worked  out  which 
includes  the  construction  of  pavements  on  approxi- 
mately 838  miles  of  highway,  of  which  approximately 
248  miles  must  be  opened  as  well  as  paved,  and  the 
widening  of  approximately  97  miles  01  present  pave- 
ment. This  mileage  has  been  classified  in  four  stages 
according  to  the  urgency  of  the  needed  improve- 
ment. 

The  completion  of  the  proposed  plan  of  highway 
improvement  will  provide  for  Cook  County,  for  the 
city  of  Chicago,  and  for  the  surrounding  area  a  high- 
way system  which  will  serve  the  large  volume  of  pres- 
ent highway  traffic  in  the  area  and  the  expected 
increase  of  traffic  in  the  immediate  future. 

The  translation  of  the  plan  into  actual  improvements 
is  already  under  way.  This  fact  is  evidenced  by  the 
construction  during  1925  of  a  considerable  mileage  of 
urgently  needed  improvements  in  the  county.  Legis- 
lation enabling  the  cooperating  agencies  to  carry  out 
the  proposed  plan  in  the  most  efficient  manner  is 
enacted  or  pending. 

Working  agreements  between  the  principal  agencies 
charged  with  the  development  of  the  highway  system 
have  already  been  established.  Agreements  with 
municipalities,  required  for  the  initiation  of  improve- 
ment projects  on  certain  routes,  are  rapidly  being 
established  and  the  details  of  a  coordinated  construc- 
tion program  are  being  arranged. 

The  Execution  of  the  proposed  plan  will  require  a 
considerable  outlay  of  public  funds.  The  plan  is  so 
arranged,  both  as  to  routes  to  be  improved  and  the  order 
of  their  improvement,  that  these  funds  will  be  placed 
where  the  greatest  return  on  the  investment  will  be 
realized.  The  required  outlay  of  funds  will  be  quickly 
returned  in  the  form  of  reduced  transportation  costs, 
increased  real-estate  values,  and  improved  highway 
service. 

The  severity  of  present  traffic  congestion  in  the  area 
and  the  rapid  increase  in  highway  traffic,  population, 
and  industrial  development  in  Cook  County  demon- 
strate the  need  for  continuous  and  intensive  study  of 
the  problem  of  providing  highway  service  in  order  that 
present  conditions  may  not  recur. 


EFFECTIVE  WIDTH  OF  CONCRETE  BRIDGE  SLABS 
SUPPORTING  CONCENTRATED  LOADS 

Reported  by  E.  F.  KELLEY,  Acting  Chief,  D  vision  of  Tests,  United  States  Bureau  of  Public  Roads 


IN  THE  DESIGN  of  a  narrow  rectangular  reinforced 
concrete  beam,  subjected  to  concentrated  loads, 
it  is  permissible  to  assume  that  the  stress  is  con- 
stant over  the  full  width  of  the  beam.  This  assump- 
tion can  not  be  made  in  the  case  of  a  wide  slab  where 
the  stress  varies  from  a  maximum  at  the  point  of 
application  of  the  load  to  a  minimum  at  the  edge  of 
the  slab.  Therefore,  in  order  to  apply  the  rectangular 
beam  theory  to  the  design  of  wide  slabs  it  becomes 
necessary  to  determine  the  width  of  slab,  commonly 
called  the  "effective  width,"  over  which  the  con- 
centrated load  may  be  assumed  as  uniformly  dis- 
tributed. 

It  is  the  purpose  of  this  paper  to  consider  the  data 
on  the  subject  which  are  available  and  to  derive 
working  rules  for  distribution,  suitable  for  use  in  the 
design  of  the  floor  slabs  of  highway  bridges.  The 
results  of  three  series  of  tests  on  stress  distribution  have 
been  published  and  these  furnish  the  fundamental 
data  for  this  study.  The  tests  referred  to  are  those 
of  the  University  of  Illinois,  the  State  Highway 
Department  of  Ohio,  and  the  United  States  Bureau 
of  Public  Roads.  The  conclusions  based  on  these 
tests  will  be  presented  briefly  in  the  following  pages, 
but  for  complete  discussions  the  reader  is  referred  to 
the  original  papers.1 

CONCLUSIONS    FROM    BUREAU    OF   PUBLIC   ROADS   TESTS 

Of  the  several  tests  those  by  the  Bureau  of  Public 
Roads  are  the  most  comprehensive,  and  these  are 
summarized  in  the  article  published  in  the  issue  of 
Public  Roads  for  September,  1918.  The  conclusions 
drawn  from  them  may  be  briefly  stated  as  follows: 

Influence  of  slab  width  on  effective  width. — If  the 
slab  width  be  designated  as  b,  the  span  of  the  slab  as 
S,  and  the  effective  width  as  e,  the  relation  between 

b  e 

o  and  o  which  has  been  determined  for   a  slab  cen- 
trally loaded  with  a  single  load  is  shown  in  Figure  1. 

Influence  of  two-point  loading  on  effective  width. — 
From  tests  made  with  two  loads  5  feet  apart  on  the 
center  line  of  the  slab,  a  loading  approximating  that 
of  a  single-axle  load  of  a  truck,  it  is  concluded  that 

1  Tests  of  the  Stale  Hinhuay  Department  of  Ohio: 

Load  Distribution  Tests  of  Reinforced  Concrete  Slab  Floors  under  Concentrated 
Loads.    Bull.  No.  28,  State  Highway  Department  of  Ohio. 

Tests  of  the  V.  S.  Bureau  of  Public  Roads: 

Tests  of  Reinforced  Concrete  Slabs  under  Concentrated  Loading.  By  A.  T. 
Ooldbeck.  Proceedings  of  the  American  Society  for  Testing  Materials  (1913),  vol. 
13,  p.  858-873. 

Test  of  a  Reinforced  Concrete  Slab.  By  E.  B.  McCormick.  Journal  of  American 
Concrete  Institute,  May,  1915,  vol.  3,  No.  5,  p.  195-204. 

Tests  of  Large  Reinforced  Concrete  Slabs.  By  A.  T.  Goldbeck  and  E.  B.  Smith. 
Proceedings  of  the  American  Concrete  Institute  (1916),  vol.  12,  p.  324-333. 

Tests  of  Three  Large-Sized  Reinforced  Concrete  Slabs  under  Concentrated  Load- 
ing. By  A.  T.  Goldbeck  and  E.  B.  Smith.  Jour.  Agr.  Research,  Vol.  VI,  No.  6, 
May  8,  1916. 

The  Influence  of  Total  Width  on  the  Effective  Width  of  Reinforced  Concrete 
Slabs  Subjected  to  Central  Concentrated  Loading.  By  A.  T.  Goldbeck.  Pro- 
ceedings of  the  American  Concrete  Institute  (1917),  vol.  13,  p.  78-88. 

Tests  of  a  Large-Sized  Reinforced  Concrete  Slab  Subjected  to  Eccentric  Con- 
centrated Loads.  By  A.  T.  Goldbeck  and  H.  S.  Fairbank.  Jour.  Agr.  Research, 
Vol.  XI,  No.  10,  Dec.  3,  1917. 

Reinforced  Concrete  Slab  Bridge  Design  Based  on  Full-Sized  Tests.  By  A.  T. 
Goldbeck.     Public  Roads,  Vol.  I,  No.  5,  September,  1918. 

Tests  of  the  University  of  Illinois. 

Discussion  of  Mr.  Goldbeck's  paper  on  Tests  of  Reinforced  Concrete  Slabs  under 
Concentrated  Loading.  By  W.  A.  Slater.  Proceedings  of  the  American  Society 
for  Testing  Materials  (1913),  vol.  13,  p.  874-883. 

The  Effective  Width  of  Reinforced  Concrete  Slabs  Supporting  Concentrated 
Loads.    By  C.  R.  Young.    Engineering  News,  July  30,  1914. 


the  effective  width  equals  the  effective  width  for  a 
single  central  load  plus  4  feet. 

Influence  of  eccentricity  of  load. — When  a  slab  is 
eccentrically  loaded  with  a  single  load,  the  effective 
width  is  the  same  as  for  a  centrally  loaded  slab,  when 
the  distance,  D,  of  the  load  from  the  near  edge  of  the 
slab  is  more  than  one-half  the  effective  width  of  the 
centrally  loaded  slab.  When  the  distance  D  is  less 
than  half  the  effective  width  under  a  central  load,  the 

effective  width  equals  ^  +  D  where  e  is  the   effective 

width  under  a  central  load. 
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WHEN  «max  =.7ZS 
5= SPAN  LENGTH 

i=  WIDTH  OF  SLAB 
e=  EFFECTIVE  WIDTH 

*         l                 i 

VALUES  OF f 

Fig.  1. — Relation  between  slab  width  and  effective  width  as  determined  by  the 
Bureau  of  Public  Roads  and  the  University  of  Illinois 

UNIVERSITY   OF  ILLINOIS   CONCLUSIONS 

The  results  of  the  University  of  Illinois  tests  are 
given  by  Mr.  Slater  in  his  discussion  of  the  earliest 
tests  by  the  Bureau  of  Public  Roads.  He  presents  a 
graph  showing  the  relation  between  slab  width  and 
effective  width  which  is  shown,  in  comparison  with 
the  same  relation  as  established  by  the  bureau,  in 
Figure  1.  It  is  apparent  that  the  effective  widths  as 
proposed  by  Mr.  Slater  are  in  fairly  close  agreement 
with  those  proposed  by  the  bureau,  although  some- 
what lower.  But  it  should  be  noted  that  both  deter- 
minations of  the  effective  width  are  for  a  load  applied 
at  a  point.  To  provide  for  the  fact  that  actual  loads, 
such  as  truck  wheels,  have  an  appreciable  width  of 
bearing,  Mr.  Slater  proposed  the  following  rule: 

E=2x  tan  6  +  w 

where  E=  effective  width  for  load  of  width  w 
x  =  distance  from  load  to  near  support 
e  =  effective  width  for  load  applied  at  a  point 
S  =  span  length 

# 

tan  0  =  1c  =  p  (values  given  by  curves,  Figure  1). 

S 
When,  therefore,  x  =k'  the  equation  becomes 

E=lcS  +  w 

In  his  very  interesting  article  in  the  Engineering  News 
Professor  Young  carries  Mr.  Slater's  proposals  some- 
what further  and  develops  equations  lor  effective 
■widths  (fig.  2)  which  take  into  account  the  width  and 
length  of  wheel  contact  area  and  also  the  direction  of 
traffic  with  reference  to  the  direction  of  the  span  of  the 
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slab.  When  Jc  is  substituted  for  tan  6  in  these  equations 
they  become,  for  Cases  I  and  II,  respectively : 

E=HS+d)+w 

and  E=k(S  +  w)+d 

and  as  the  dimension,  d,  is  small  as  compared  with  the 
width  of  wheel,  it  is  advantageous,  from  the  standpoint 
of  simplicity,  to  neglect  it,  in  which  case  the  above 
equations  reduce  to : 

E=JcS  +  w  (Case  I) 

E=Jc(S  +  w)  (Case  II) 


-E=(Sfd)tane-ta>- 
CASE  I  DIRECTION  OF  TRAFFIC  SAME  AS  SPAN  OF  SLAB 


DIRECTION  OFXTRAFFIC 
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TRUCK  WHEEL 
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E=(S+a>)tane+d 
CASE  II  DIRECTION  OF  TRAFFIC  PERPENDICULAR  TO  SPAN  OF  SLAB 


Fig. 


-Diagram  of  area  of  wheel  eorjtact  in  relation  to  slab 


The  fundamental  principles  underlying  the  deter- 
mination of  effective  width  are  well  stated  in  the  paper 
by  Goldbeck  and  Smith,2  from  which  the  following  is 
quoted: 

The  width  of  the  slab  that  should  be  used  in  the  rectangular- 
beam  formulas  when  applied  to  slab  design  will  be  termed  the 
"effective  width"  of  the  slab.  It  is  that  width  over  which,  if 
the  stress  were  constant  and  equal  to  the  maximum  stress  under 
actual  conditions,  the  resisting  moment  would  equal  the  resisting 
moment  of  a  slab  of  the  same  depth  and  full  width,  but  having 
varying  stress  distribution.  If  the  straight-line  theory  of  stress 
distribution  from  neutral  axis  to  upper  fibers  is  assumed  to  be 
applicable  to  slabs,  the  resisting  moment  of  a  given  slab  is 
dependent  on  the  total  stress  in  the  concrete  or  steel  at  the 
dangerous  section.  The  total  stress  in  the  concrete,  however, 
is  governed  by  the  stresses  in  the  top  fibers,  and  these  stresses 
are  proportional  to  the  unit  deformations.  If,  then,  there  are 
two  slabs  of  equal  depth,  one  having  uniform  distribution  of 
deformations  and  the  other  a  varying  distribution,  but  with  their 
maximum  deformations  identical,  they  will  likewise  have  equal 
resisting  moments  if  the  summations  of  the  deformations  over 
their  respective  widths  are  identical. 

'Tests  of  Three  Large-Sized  Reinforced  Concrete  Slabs  under  Concentrated  Load- 
ing. By  A.  T  Goldbeck  and  E  B.  Smith  Jour.  Agr.  Research,  Vol.  VI,  No.  6, 
May  8,  1916. 


In  Figure  3,  which  represents  a  slab  in  position  on  two  supports 
with  a  concentrated  load  P,  is  illustrated  the  method  of  obtain- 
ing "effective  width."  Strain-gauge  readings  are  taken  of  the 
fiber  deformations  perpendicular  to  the  supports,  as  indicated  at 
eg.  These  concrete  deformation  values  are  plotted  to  scale,  as, 
for  instance,  at  fh,  giving  the  deformation  curve  JHF,  inclosing 
the  area  AJHFE.  This  curve  shows  the  variation  of  stress 
from  the  center  to  each  of  the  two  free  edges  of  the  slab,  and  the 
area  under  the  curve  is  a  function  of  the  total  concrete-resisting 
moment  of  the  slab.  The  area  BDGI  (formed  upon  the  base 
BD),3  obtained  by  dividing  the  area  AJHFE  by  its  maximum 
ordinate  CH,  has  the  same  total  concrete-resisting  moment  with 
the  stress  uniformly  distributed  as  the  whole  slab,  and  its  width 
BD,  is  that  which  may  be  effective  in  furnishing  sufficient  resis- 
tance under  these  conditions  to  carry  the  load.  The  width  BD, 
obtained  in  this  manner,  is  the  "effective  width." 

CONCLUSIONS    FROM    THE    OHIO    TESTS 

The  results  of  the  Ohio  tests,  in  so  far  as  they  may 
be  compared,  are  in  close  agreement  with  those  of  the 
University  of  Illinois  and  the  Bureau  of  Public  Roads, 
but  the  influence  of  slab  width  was  not  determined 
and,  since  the  results  may  be  applied  only  to  wide 
slabs,  their  application  to  bridge  design  is  limited. 

However,  in  the  published  results  (Bui.  28),  an  appli- 
cation of  theoretical  principles  is  developed  which  is 
worthy  of  careful  study  and  which  seems  to  the  writer 
to  offer  opportunities  for  more  extended  considera- 
tion than  has  yet  been  given  it. 

The  following  is  quoted  from  the  above-mentioned 
bulletin: 

From  the  results  of  the  tests  it  is  known  that  the  intensity  of 
the  resistance  decreases  from  the  load  out,  and  that  the  shape 
of  the  transverse  deformation  curve  is  similar  to  that  of  the  elastic 
line  of  a  beam  fixed  at  the  ends.  We  may  assume  then  that  the 
elastic  curve  of  a  beam  fixed  at  the  ends  and  loaded  as  shown  in 
Figure  4,  would  approach  the  form  of  the  actual  transverse 
deformation  curves  derived  from  the  tests. 

Mi  =  moment  necessary  to  hold  the  beam  horiozntal  at  the  ends. 
w  =  maximum    intensity    of 

zero  at  the  ends. 
y   =  deflection  at  any  point. 

1F= total  load  ==~2-'  wnere  L  *s  the   span    of   the   transverse 
deformation  curve. 


a   reaction    varying    uniformly    to 


Fig.  3.— Diagram  illustrating  Bureau  of  Public  Roads  method  of  determining  the 
effective  width  of  a  slab 


The  equation  of  the  elastic  line  is: 

w  r  a?    Lxn 

v-<6EI\_bU     16  J 

When  x  =  -ci,y  =  2/mai.  =  — 


WU 
MOEI 


(1) 
(2) 


Let  b  =  the  width  of  slab  where  b  is  less  than  L. 

Then  the  area  under  the  elastic  line  for  the  length  b  will 
correspond  to  the  areas  under  the  actual  transverse  deformation 
curves. 


3  Inserted  by  the  editor. 
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e  =  effective  width  =- =6—  07^+^7-3  —  ori+oTs       W 
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when  b  =  L,  e  will  be  a  maximum,  or  the  effective  width  of  a 
slab  of  indefinite  width, 
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No  tests  were  made  with  two  loads  on  the  slab  at  the  same 
time,  but  their  effect  may  be  studied  by  the  use  of  the  deforma- 
tion curve  given  by  equation  1. 

The  curve  for  each  load  may  be  assumed  to  be  independent  of 
the  other  and  the  total  deformation  at  any  point  may  be  taken 
as  the  sum  of  the  two  deformations  at  that  point. 

APPLICATION    OF   TEST    RESULTS   TO    BRIDGE    DESIGN 

In  the  above  series  of  tests  certain  limitations  are 
noted  which  affect  the  application  of  the  results  to 
actual  bridge  design,  as  follows : 

1.  The  influence  of  slab  width  for  single  central  loads 
is  quite  definitely  established  by  the  tests  of  the  Bureau 
of  Public  Roads  and  University  of  Illinois.  The  Ohio 
tests  give  results  only  for  wide  slabs. 

2.  For  loads  applied  at  two  points  on  the  same  trans- 
verse element  of  the  slab,  the  only  data  are  those  fur- 
nished by  the  Bureau  of  Public  Roads  tests.  These 
tests  were  only  for  loads  spaced  5  feet  apart  and  there- 
fore do  not  give  results  which  are  applicable  to  other 
spacings  of  loads. 

The  theoretical  principles  developed  in  Ohio  Bul- 
letin No.  28  were  applied  only  to  two  loads  on  wide 
slabs. 

We  are  therefore  still  in  considerable  doubt  as  to  the 
effect  of  two  wheels  when  both  wheel  spacing  and  width 
of  slab  are  variables  and,  as  yet,  there  are  no  data  on 
the  effect  of  four  loads,  such  as  would  be  occasioned  by 
two  trucks  passing. 

3.  The  effect  of  eccentric  loads  has  been  studied  only 
by  the  Bureau  of  Public  Roads  and  the  results  of  the 
tests  made  are  not  entirely  conclusive,  as  is  evidenced 
from  the  following,  quoted  from  the  paper  by  Goldbeck 
and  Fairbanks 

Unfortunately,  however,  the  results  can  not  be  regarded  as 
entirely  conclusive,  owing  to  the  fact  that  the  recent  test  in- 
volved only  one  span  length  and  yielded  only  two  points  on  the 
critical  part  of  the  curve  between  the  total  widths  of  18  and  22 
feet.  It  is  hoped  that  this  point  will  be  cleared  up  by  further 
tests. 

In  view  of  the  above  it  is  highly  desirable  to  in- 
vestigate more  fully  the  various  conditions  of  loading 
which  may  arise  and,  in  the  absence  of  test  data,  it  is 
believed  that  this  may  be  done  satisfactorily  by  devel- 
oping further  the  theory  proposed  in  Ohio  Bulletin 
No.  28. 

Referring,    then,    to    this    theory    and   substituting 

b  ■  e 

values  of  y  in  equation  4,  we  obtain  the  values  of  j 

given  in  the  second  column  of  Table  1. 

*  Tests  of  a  Large-Sized  Reinforced  Concrete  Slab  Subjected  to  Eccentric  Con- 
centrated Loads  By  A  T.  Goldbeck  and  H.  S  Fairbank.  Jour.  Agri.  Research, 
Vol.  XI.  No.  10,  Dec.  3, 1917 
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But  from  equation  5  we  have  emax.  =  qL  and  from 

the  Bureau  of  Public  Roads  curve,  which  may  be  as- 
sumed to  give  conservative  values,  we  have  emax.  =  0.72$ 


Equating  these  values  of  e^x. 
L=l.62S 


(6) 


Fig.  4.— Elastic  curve  and  loading  diagram  of  beam  with  fixed  ends  used  in  develop- 
ment of  theory  based  on  the  Ohio  tests 

By  substituting  this  value  of  L  in  the  values  of  y 

and  j  given  in  the  first  two  columns  of  Table  1  we 

b  e 

obtain  the  values  of  ~  and  „  given  in  the  third  and 

fourth  columns  of  Table  1  and  these  have  been  plotted 
in  Figure  1. 

The  close  agreement  of  the  theoretical  curve  with 
that  proposed  by  the  bureau  is  very  striking  and  there 
is  so  little  difference  between  the  two  that,  for  all  prac- 
tical purposes,  they  may  be  said  to  be  the  same.  The 
values  proposed  by  the  bureau  and  those  given  by 

equation  4  are  compared  for  identical  values  of  ^  in 

the  last  two  columns  of  Table  1. 

e     b     e  b 

Table  1.- — Values  of  j>  y>   ^>   and    „>   derived  from  equation  4 

and  the  Bureau  of  Public  Roads  curve 


Values  of 

e 

L 

computed   from 

equation    4   with 

assumed  values  of 

b 

L 

Values  of 

&         A    « 

s&nds 

computed  from  equa- 
tions 4  and  6 

Comparison  of  values  of 
e 

s' 

corresponding  to  assumed  values  of 
6 

s' 

as  given   by  equation  4  and  the 
Bureau  of  Public  Roads  curve 

e 

L 

b 

S 

t 
S 

6 
S 

t 

S 

b 
L 

Bureau  of 
Public 
Roads 
curve 

Equation  4, 

fm.i.= 

.72S 

0.05 
.10 
.15 
.20 
.25 
.30 
.35 
.40 
.45 
.50 
.55 
.60 
.65 
.70 
.75 
80 

0.0498 
.0985 
.1452 
.1891 
.2298 
.2670 
.3003 
.3296 
.3551 
.3767 
.3947 
.4093 
.4208 
.4295 
.4358 
.4400 
.4426 
.4439 
.4444 
.  4444 

0.081 
.162 
.243 
.324 
.405 
.486 
.567 
.648 
.729 
.810 
.891 
.972 
1.053 
1.134 
1.215 
1.296 
1.377 
1.458 
1.539 
1.620 

0.081 
.160 
.235 
.30G 
.372 
.433 
.486 
.534 
.575 
.610 
.639 
.663 
.682 
.696 
.706 
.713 
.717 
.719 
.720 
.720 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
(') 

0.1 

0.2 

0.28 

0.37 

0.44 

0.50 

0.55 

0.58 

0.62 

0.65 

0.67 

0.68 

0.70 

0.71 

0.72 

0.1 

0.2 

0.28 

0.37 

0.44 

0.51 

0.56 

0.61 

0.64 

0.67 

0.69 

0.70 

0.71 

0.72 

0.72 

.85 
.90 
.95 
1.00 

1 1  5  and  over. 
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This  agreement  between  the  test  curve  and  the  theo- 
retical curve  indicates  that  values  of  L  may  be  taken 
as  independent  of  the  width  of  slab  and  dependent 
only  on  the  span  length.  Accepting  the  maximum 
value  for  effective  width  as  proposed  by  the  Bureau  of 
Public  Roads,  the  relation  between  L  and  the  span 
length  is  given  by  equation  6. 

Having  thus  determined  the  value  of  L,  the  span 
of  the  transverse  deformation  curve,  we  may  proceed 
to  the  consideration  of  multiple  loads. 

In  Figure  5  is  shown  a  slab  of  width,  b,  loaded  with 
a  single  concentrated  load.  The  curve  ABO  repre- 
sents the  transverse  deformation  curve  of  length,  L, 
and  maximum  ordinate,  y.  The  effective  width  equals 
the  area  under  the  curve  for  the  length,  b,  divided  by 
the  maximum  ordinate,  y;  that  is,  the  area  DEFBG 
divided  by  y. 

In  Figure  6  the  slab  of  width,  b,  is  shown  loaded  with 
two  equal  concentrated  loads  P%  and  P2  and  with  trans- 
verse deformation  curves  ABO  and  DEF,  respectively. 
The  curve  AGF  is  the  summation  curve  of  the  two 
curves  ABC  and  DEF  and  therefore  represents  the 
deformation  curve  for  the  two  loads.  The  effective 
width  for  the  two  loads  is  therefore  the  area  HJGKL 
divided  by  the  maximum  ordinate,  ym. 

It  will  be  noted  that  the  maximum  ordinates  yt  and  y2 
of  the  two  deformation  curves  are  not  equal.  This 
is  due  to  the  fact  that  the  corresponding  effective 
widths  for  the  two  loads  are  not  equal,  as  shown  by 
the  following: 

Let     Av  =  area  EJMBL 
^42  =  area  DENL 
ex  =  effective  width  for  load  Px 
e2  =  effective  width  for  load  P2 


Then 


=  — and  e2  =  — • 

Vi  y? 


As  previously  stated,  the  area  under  the  deformation 
curve  is  a  function  of  the  total  resisting  moment  of  the 


Fig.  5. — Transverse  deformation  curve  of  a  slab  with  single  concentrated  eccentric 

load 

slab.  Since  the  loads  Py  and  P2  are  equal,  the  re- 
spective resisting  moments  of  the  slab  must  also  be 
equal  and  therefore  the  areas  under  the  two  deforma- 
tion curves  must  be  equal. 

The  Ay  =  A2  and,  from  the  above  two  equations, 


L2_cl 


Thus  it  is  clear  that  when  the  effective  widths  are 
unequal  the  corresponding  maximum  ordinates  of  the 
deformation  curves  are  also  unequal. 

DETERMINATION    OF   THE   EFFECTIVE    WIDTH 

Knowing  the  characteristics  of  the  deformation 
curve,  the  principles  outlined  above  may  be  applied 
to  any  combination  of  loads  on  slabs  of  varying  spans 
and  widths,  and  the  resulting  effective  widths  deter- 


Fig.  6. — Transverse  deformation  curve  of  a  slab  with  two  equal  concentrated  loads 
unsymmetrically  placed 

mined.  The  method  is  illustrated  by  the  two  typical 
examples  which  follow: 

Example  I 

Assume  a  slab  of  20-foot  span  and  20-foot  width 
loaded  at  the  center  of  the  span  with  two  equal  loads 
Py  and  P-i  which  are  placed  transversely  in  the  posi- 
tions shown  in  Figure  7  (a). 

From  equation  6, 

L=  1.62S  =  1.62X20  =  32.4  feet. 

Using  the  value  of  L  thus  determined  and  the  known 

width  of  the  slab,  b,  the  effective  width,  e,  may  be 

obtained  from  equation  4,   or  from  Figure  8,   which 

be 
presents  the  relation  between  y  and  j  expressed  by  the 

equation.  The  value  of  e  thus  obtained,  however,  will 
be  for  a  single  load  centrally  placed.  In  order  to 
determine  the  effective  width  for  each  load  eccentrically 
placed  'as  in  Figure  7  (a)  the  following  method  may 
be  used. 

Figure  7  (b)  shows  the  transverse  deformation  curve 
for  a  slab  of  width  (a  +  c)  unsymmetrically  loaded  with 
a  single  concentrated  load.  Since  the  deformation 
curve  is  symmetrical  about  the  load  it  is  evident  that 
the  area  ABODE  equals  twice  the  area  ABCK,  and 
the  area  FGOHJ  equals  twice  the  area  KCHJ. 

Let     A^&resiABOHJ 


Then  A 


area,  ABODE 
-  area  FGCHJ 


(7) 


But  the  effective  width  is  equal  to  the  area  under 
the  deformation  curve  divided  by  the  maximum 
ordinate. 
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SPAN  -  20  FT 
WIDTH-  20  FT 


F 

* c 

~-a-* 

■* — c *■ 

-'1 

J        , 

\   - — — i 

A 

k     \e    i 

— 3-"^  ' 

G 

1                   > 
1           jT 
1     S 

H  1 

B 

Sd 

1 

c 

(b) 

Fig.  7.  (a)  Diagram  of  loading  of  20-foot  slab,  20  feet  wide  and  transverse  deforma- 
tion curves  resulting  from  eccentric  loads  applied  at  center  of  span,  (b)  Diagram 
of  slab  of  width  (a+c)  loaded  unsymmetrically  with  a  single  concentrated  load, 
and  deformation  curve  resulting  from  load 

Therefore     e  =  4  =  effective   width  for    the   slab   as 
'         y        shown. 

= -Noneffective   width  for    a   centrally 


y 


loaded  slab  of  width  2a. 


=A?  =  effective   width    for   a    centrally 
c     y         loaded  slab  of  width  2c. 

And  substituting  in  equation  7,  e  =  }4(ea  +  ec). 

From  Figure  8,  ea  may  be  obtained  by  taking  h  as 
equal  to  2a  and  ec  may  be  obtained  by  taking  b  as 
equal  to  2c. 

For  the  load  Pl}  in  the  example  under  consideration 
the  effective  width,  ev  is  equal  to  p2(ea  +  ec), 

where  ea  =  effective  width  for  a  centrally  loaded  slab  of 
width  ba  =  2  x  12  =  24  feet,  and 
ec  =  effective  width  for  a  centrally  loaded  slab  of 
width  6c  =  2x8  =  16feet. 

For  this  load  then,  the  curve,  Figure  8,  gives  the 
following  values: 


For 


L     32.4 


94  p 

0^-  =  0.7407;  ^  =  0.435 
32.4  '  L 

16 


For  ^  =  ~  =  0.4938;  -/  =  0.374 


Similarly,  for  the  load  P2  the  effective  width,  r2,  is 
equal  to  V2{ea  +  ec) 

where  ea  =  effective  width  for  a  centrally  loaded  slab  of 
width 
la  =  2X18  =  36  feet  and 
ec  =  effective  width  for  a  centrally  loaded  slab  of 

width 
6c  =  2x2  =  4  feet 
ea  =  0AUL  and  ec  =  0.120L 
and  <?2=i^(0.444L  +  0.120L)=0.282Z. 

Then,  from  the  previous  discussion  — 2  =— 

y  i     2 

T,  .  0.4045X     ,   .n, 

1^  =  1.^=0^7  =  1.434 

Using  these  values  of  the  maximum  ordinates,  the 
deformation  curves  for  the  loads  P1  and  P2  may  now  be 
drawn,  as  shown  in  Figure  7  (a),  the  lesser  ordinates 
being  determined  from  equation  1  or  from  Table  2 
which  has  been  constructed  from  this  equation  assum- 
ing the  maximum  ordinate  to  be  unity.  The  curves 
for  the  two  loads  being  constructed  in  this  way,  the 
summation  curve  may  be  drawn  and  its  maximum 
ordinate  is  found  to  be  2.115. 

The  area  of  the  summation  curve  equals  the  sum  of 
the  respective  areas  Ax  and  A2  of  the  curves  for  the 
loads  Px  and  P2.  But  as  it  has  already  been  shown  that 
Ax  equals  A2,  the  area,  A,  of  the  summation  curve  is 
equal  to  2AV 

A 

Then  since  c1  =  0.4045L  =  ^L 

Vx 

and  since  yl  =  l.  At  =  0.4045Z 

and  A  =  2  x  0.4045L. 


\ 

CURVE  OF  EQUATION 

e=  EFFECTIVE  WIDTH  OF  SLAB 

S=WIDTH  OFSLAB 

L=  SPAN  OF  DEFORMATION  CURVE 

a.  i 


02 


D2 


04 


(15 


0.7 


a  a 


VALUES  OFf 
e  b 

Fig.  8. — Relation  of  -f  and  ^  as  expressed  by  Ohio  equation 

And,  finally,  if  we  let  E=  effective  width  for  the  two 

loads,  and 
E_  effective  width  for  one  of 
2         the  loads 

Then  E=  —  =  -^-,   and 

?/max-        ?/max. 

2X0.4045X     0.4045X32.4 


e  = 


Then  e,  =  y2  (0.435L  +  0.374Z)  =  0.4045L. 


e  = 


2x2.115 


2.115 


6.20  feet 
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Table    2. — Coordinates    of    deformation    curve     when 
derived  from  equation  1,  y=@lfj\  572 — jTf 


2/max  =  / 


Values  of 

Values  of 

Values  of 

Values  of 

X 

V 

X 

9 

0.05i 

0.017 

0.35L 

0.702 

.10i 

.066 

.40i 

.848 

.ISi 

.149 

.425£ 

.908 

.20£ 

.260 

.45Z 

.957 

.25£ 

.396 

.475L 

.988 

.30L 

.548 

.50£ 

1.000 

Example  II 

Assume  a  slab  of  22-foot  span  and  24-foot  width 
loaded  at  the  center  of  the  span  with  four  equal  loads 
P„  P2,  P3,  and  Pi  as  shown  in  Figure  9. 

L=  1.625  =  1.62  x  22  =  35.64  feet 
By  the  method  described  in  Example  I  the  following 
values  of  effective  widths  for  the  various  loads  are 
found : 

et  =  0.385L 
e,  =  0.424L 
e3  =  0.399L 
e4  =  0.277L 

And  if,  as  before,  y2  =  1 

Vi  =  1.101 

2/3  =  1.062 
Vi  =  1.531 

The  deformation  curves  with  the  above  maximum 
ordinates  may  then  be  drawn  and  from  them  the  sum- 
mation curve  constructed;  and,  as  from  the  previous 
discussion  it  is  known  that  the  areas  under  the  various 
deformation  curves  must  be  equal,  that  is,  A1  =  A2  = 

A3  =  Ai. 

Therefore,  A  (area  of  summation  curve)  =4:A2. 
But,  since  y2  =  l,  A2  =  e2  =  A24:L  and  from  the  sum- 
mation curve,  ymax  =  3.42. 
If,  again,  we  let 

E=  effective  width  for  the  four  loads,  and 

e  =  -r  =  effective  width  for  one  of  the  loads. 


Then  E=- 


e  =  - 


=4A, 

2/max      ^max 

4X0.424X 
4X3.42 


>   and 

0.424X35.64 
3.42 


=  4.42  feet. 


EFFECTIVE   WIDTH  OF  SLABS   WITH   MAIN   REINFORCING  PARALLEL 
TO   DIRECTION   OF   TRAFFIC 

Following  the  method  outlined  above,  effective 
widths  have  been  determined  for  various  conditions 
of  truck  loading  on  slabs  from  12  to  36  feet  in  width 
and  of  spans  from  2  to  24  feet;  and  the  results  are 
tabulated  in  Tables  3  and  4  for  four  conditions  of  load- 
ing designated  as  Cases  I,  II,  III,  and  IV.  In  some 
cases  an  approximate  method  for  the  determination  of 
the  maximum  ordinate  of  the  summation  curve  has 
been  used  in  order  to  eliminate  a  great  amount  of 
tedious  curve  construction,  and  this  has  caused  slight 
errors  in  the  results.  However,  these  errors  do  not 
exceed  2  or  3  per  cent  and  are  on  the  side  of  safety. 

The  cases  considered  include  slabs  symmetrically 
and  eccentrically  loaded  with  one  and  two  trucks. 
For  eccentric  loading  the  minimum  distance  from  the 
center  of  the  outer  wheel  to  the  edge  of  the  slab  has 


SPAN   -  22  FT. 
WIDTH-  21  FT. 


Fig.  9.— Diagram  of  loading  of  22-foot  span,  24  feet  wide  loaded  at  the  center  of  the 
span  with  four  equal  loads,  and  transverse  deformation  curves  resulting  from 
loads 

been  taken  as  2  feet,  which  is  a  fair  minimum  figure 
for  any  slab  carrying  a  curb  or  rail. 

It  will  be  noted  that  the  values  of  effective  width 
for  Case  II  are  equal  to  or  greater  than  the  corre- 
sponding values  for  Case  I,  and  that  the  values  for 
Case  IV,  except  for  a  few  slight  discrepancies  probably 
due  to  unavoidable  errors  in  computation,  are  equal  to 
or  greater  than  the  values  for  Case  III.  Since  a  con- 
servative specification  must  provide  for  the  worst 
conditions — in  this  case,  the  minimum  effective 
widths — we  may  eliminate  Cases  II  and  IV  and  con- 
sider only  Cases  I  and  III  in  deriving  approximate 
values  for  distribution  which  may  be  used  in  slab 
design. 

The  curves  in  Figure  10  show  the  maximum  and 
minimum  values  of  effective  width  for  Cases  I  and  III, 
as  given  in  Table  3.  For  a  single  concentrated  load 
the  effective  width  has  been  shown  to  be  greatly 
influenced  by  the  slab  width,  but  these  curves  show 
clearly  that,  for  the  multiple  loads  here  considered, 
the  effective  width,  except  for  the  slab  of  12-foot 
width  in  Case  I,  is  influenced  very  little  by  the  slab 
width  and  depends  almost  entirely  on  the  span  of  the 
slab. 

The  straight  dotted  lines  on  the  diagrams  represent 
approximate  values  of  effective  width  which  agree 
closely  with  the  computed  values  and  are  convenient 
for  design  purposes. 

The  equations  of  the  dotted  lines  are  as  follows: 

For  Case  I  (one  truck) : 

e  =  0.655,  for  spans  of  7  feet  or  less; 

e  =  0.125  +  3.71,  for  spans  of  more  than  7  feet. 

For  Case  III  (two  trucks) : 

e  =  0.655,  for  spans  of  4  feet  or  less; 
e  =  0.255  +  1.6,  with  a  maximum  value  of  4.4,  for 
spans  of  more  than  4  feet. 
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tt 


tt 


Case  I 


Case  III 


Width  of  slab 


Width  of  slab 


It   should   be   noted    that    Cases   I    and   III   involve  Table  3.— Effective    width   for    one    wheel    (eccentric    loading). 

slabs  in  which  the  main  reinforcement  is  in  the  direction  Main   reinforcement    parallel   to    direction   of  traffic;   effect   of 

of  the  traffic;  also  that,   in  computing  the  effective  Hre  width  n 

widths,  no  account  has  been  taken  of  the  width  of 

wheel  contact.     Professor  Young's  equation,  E=JcS  +  w 

takes  into  account  the  width  of  wheel  contact  when  the 

main  reinforcement  is  in  the  direction  of  the  traffic  C°ioading°f 

and  we  may  therefore  substitute  for  ~kS  in  this  equation 

the  values  of  the  effective  widths  as  determined  for 

Cases  I  and  III  above.     Making  these  substitutions  

we  obtain  the  following  equations  for  the  effective  width  Span  (feet) 
of  a  single  wheel  of  a  group  when  the  main  reinforce- 
ment of  the  slab  is  parallel  to  the  direction  of  the  traffic. 

For  one  truck:  2 

For  spans  of  7  feet  or  less,  e  =  0.65S  +  w.  *— 

For  spans  of  more  than  7  feet,  e  =  0.12S  +  w  +  3.71.  s-lll""'.'."'. 

For  two  trucks:  ih'.'.l"'.'.'".'.'. 

For  spans  of  4  feet  or  less,  e=.0.65S  +  w.  \f- 

For  spans  of  more  than  4  feet,  e  =  0.25S  +  w+1.6,  is'"".'."'.'.'.'.'. 

with  a  maximum  value  of  4.4  +  w.  2°:;; — 

24] ""'.'.'.'.'.'.'.'. 


Feet 
1.44 
2.78 
3.79 
4.61 
4.86 
4.85 
4.98 
5.12 
5.20 
5.30 
5.39 
5.40 


Feel 
1.44 
2.78 
3.79 
4.61 
4.93 
5.01 
5.25 
5.53 
5.70 
6.00 
6.20 
6.37 


Feet 
1.44 
2.78 
3.79 
4.61 
4.93 
5.01 
5.30 
5.59 
5.84 
6.12 
6.41 
6.61 


20 


Feet 

1.44 

2.78 

3.79 

4.61 

4.93 

5.01 

5.30 

5.60' 

5.88 

6.20 

6.50 

6.75 


24  and 
wider 


Feet 
1.44 
2.78 
3.79 
4.61 
4.93 
5.01 
5.30 
5.60 
5.88 
6.22 
6.55 
6.85 


20 


Feel 
1.44 
2.78 
3.15 
3.59 
4.07 
4.25 
4.23 
4.19 
4.16 
4.17 
4.18 
4.21 


24 


30 


Feet 
1.44 
2.78 
3.15 
3.59 
4.07 
4.29 
4.32 
4.34 
4.38 
4.43 
4.42 
4.55 


Feet 
1.44 
2.78 
3.15 
3.59 
4.07 
4.29 
4.34 
4.38 
4.42 
4.51 
4.59 
4.71 


36  and 
wider 


Feet 
1.44 
2.78 
3.15 
3.59 
4.07 
4.29 
4.34 
4.38 
4.42 
4.52 
4.60 
4.73 


SPAN  IN  FEET 
CASE  I 


SLAB 

36'WID 

:  AND  VI 

IDER- 

—I 

SLAB 

20'WID 

d 

"" 

// 

// 

SPAN  IN  FEET 
CASE  HI 

Fig.  10. — Maximum  and  minimum  values  of  effective  width  for  one  wheel  (eccen- 
tric loading),  the  main  reinforcing  at  the  slab  being  parallel  to  the  direction  of  the 
traffic,  and  the  effect  of  tire  width  neglected 

Referring  again  to  the  curves  of  Case  I,  Figure  10,  it 
may  seem  at  a  glance  that  the  approximate  equation 
represented  by  the  dotted  line  is  not  in  sufficiently 
close  agreement  with  the  values  for  the  slab  of  12-foot 
width.  However,  it  can  be  shown  that  this  is  not  the 
case  when  the  width  of  wheel  contact  and  the  fact  that 
the  sum  of  the  effective  widths  for  all  the  loads  on  the 
slab  can  not  exceed  the  width  of  the  slab  are  taken  into 
consideration.  Since  this  slab  of  12-foot  width  carries 
two  wheel  loads,  the  effective  width  for  one  of  them 
can  not  exceed  6  feet,  and  it  will  be  reasonable  to 


Table  4. — Effective  width  for  one  wheel  (symmetrical  loading). 
Main  reinforcement  parallel  to  direction  of  traffic;  effect  of  the 
tire  width  neglected 


Condition 
of  loading 


Span  (feet) 


2. 
4., 
6.. 
8_ 
10 
12 
14 
16. 
18. 
20. 
22 
24. 


i 

fl_JL 


3f 


Casell 


Width  of  slab 


Feel 
1.44 
2.88 
4.17 
5.16 
5.15 
5.07 
5.11 
5.21 
5.27 
5.34 
5.40 
5.49 


Feet 
1.44 
2.88 
4.32 
5.66 
5.84 
5.84 
5.97 
6.17 
6.35 
6.52 
6.67 
6.83 


Feet 
1.44 
2.88 
4.32 
5.70 
5.98 
6.06 
6.24 
6.50 
6.76 
6.96 
7.18 
7.38 


L'll 


Feet 
1.44 
2.88 
4.32 
5.70 
6.04 
6.20 
6.44 
6.75 
7.04 
7.32 
7.62 
7.85 


24 


Feel 
1.44 
2.88 
4.32 
5.70 
6.05 
6.28 
6.64 
7.04 
7.43 
7.83 
8.21 
8.58 


30 


Feet 

1.44 
2.88 
4.32 
5.70 
6.05 
6.28 
6.67 
7.17 
7.68 
8.18 
8.71 
9.21 


36 


Feet 
1.44 
2.88 
4.32 
5.70 
0.05 
6.28 
6.67 
7.17 
7.71 
8.27 
8.87 
9.47 


Iff 


Case  IV 


Width  of  slab 


'.'11 


Feet 
1.44 
2.88 
3.15 
3.59 
4.07 
4.25 
4.21 
4.20 
4.19 
4.19 
4.19 
4.25 


24 


Feet 
1.44 
J.  88 
3.15 
3.59 
4.09 
4.32 
4.40 
4.46 
4.53 
4.60 
4.04 
4.73 


30 


Feet 
1.44 
2.88 
3.15 
3.59 
4.09 
4.30 
4.49 
4.64 
4.78 
4.93 
5.05 
5.21 


:;i. 


Feet 
1.44 
2.88 
3.15 
3.59 
4.09 
4.36 
4.51 
4.68 
4.87 
5.05 
5.22 
5.45 


assume  the  width  of  wheel  as  1  foot.  Substituting 
these  values  in  the  equation  for  effective  width  we 
find  that,  for  a  wheel  1  foot  wide,  the  effective  width  is 
6  feet  when  the  span  length  is  10.75  feet.  For  spans 
less  than  10.75  feet,  the  actual  values  for  the  12-foot 
slab  width  are  shown  by  Figure  10  to  be  in  close  agree- 
ment with  those  of  the  approximate  equation  while, 
for  spans  greater  than  10.75  feet  the  equation  does  not 
apply  since  the  effective  width  is  limited  by  the  width 
of  slab.  Therefore,  the  actual  values  for  the  12-foot 
slab  width  are  in  practically  as  close  agreement  with 
those  of  the  approximate  equation  as  are  the  actual 
values  for  the  other  widths  of  slab. 

EFFECTIVE    WIDTH    OF    SLABS    WITH    MAIN    REINFORCEMENT 
PERPENDICULAR   TO    DIRECTION    OF   TRAFFIC 

Concrete  slabs  in  which  the  main  reinforcement  is 
perpendicular  to  the  direction  of  traffic  are  used  in 
through  girder  bridges,  deck  girder  or  T-beam  bridges 
and  in  slab  floors  supported  on  longitudinal  steel  joi 
For  such  designs  the  problem  of  load  distribution  is 
entirely  different  from  that  which  has  been  outlined  in 
the  case  of  slabs  which  have  then  main  reinforcement 
parallel  to  the  direction  of  traffic. 
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The  maximum  bending  moment  in  a  slab,  the  span 
ofA  which  is  at  right  angles  to  the  direction  of  traffic,  is 
determined  by  one  of  several  different  conditions  of 
loading,  depending  upon  the  transverse  spacing  of  the 
longitudinal  beams  or  joists  and  the  number  of  trucks 
for  which  the  floor  is  to  be  designed. 

In  Figure  1 1  assumed  transverse  wheel  spacings  are 
shown  for  one  and  two  trucks  and  five  conditions  of 
loading  designated  as  Cases  I  to  V  inclusive,  one  of 
which  will  determine  the  maximum  bending  moment 
for  any  particular  spacing  of  longitudinal  beams;  and 
Table  5  gives  the  bending  moments  due  to  unit  loads 
for  these  five  loading  conditions. 

For  through  girder  bridges,  the  bending  moment  in 
the  floor  slab  will  be  determined  by  either  one  or  two 
axle  loads,  depending  upon  whether  the  floor  is  designed 
for  one  truck  or  two.  In  through  girder  construction 
the  maximum  range  in  span  of  the  floor  slabs  may  be 
taken  as  from   16   to    24   feet.     Therefore,   effective 


Table  5. — Maximum  bending  moments  for  various  spans  due  to 
unit  loads  for  five  conditions  of  loading.  Main  reinforcemen, 
perpendicular  to  direction  of  traffic 


Span  in  feet 

Bending  moments  in  foot-pounds 

Case  I 

Case  II 

Case  III 

Case  IV 

Case  V 

2 

0.50 
.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 

3 

4 

5 

1.23 
1.69 
2.16 
2.64 
3.13 
3.61 
4.11 
4.59 

6 

7 

8 

9 

2.0 

2.45 

2.91 

3.38 

4.32 

5.28 

6.25 

7.23 

8.20 

9.19 

10 

11 

3.82 
4.56 
6.05 
7.55 
9.04 

14-.. 

16 _ 

18-._ 

9. 13 

20 

11. 11 

22 

13. 11 

24 

15. 10 

b 
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0NE  TRUCK  TWO  TRUCKS 
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U-SFAN-J 

CASE  I. 
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r-6-i 


c 
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CASE  in 
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CASE  W.  CASE  ¥ 

Fig.  11. — Assumed  transverse  wheel  spacings  and  five  conditions  of  loading 

widths  must  be  determined  for  one  axle  load  (Case  III) 
on  spans  from  16  to  24  feet  and  for  two  axle  loads 
(Case  V)  on  spans  from  18  to  24  feet. 

In  a  deck  girder  bridge  designed  for  one  truck,  the 
bending  in  the  floor  slab  will  be  determined  by  either 
Case  I  or  Case  III,  and  as  shown  by  Table  5,  Case  I 
governs  for  span  lengths  up  to  10  feet  and  Case  III  for 
greater  span  lengths.  In  a  deck  girder  designed  for 
two  trucks,  the  bending  in  the  slab  will  be  determined 
by  Case  I,  Case  II,  Case  IV  or  Case  V,  depending 
upon  the  girder  spacing.  Case  II  governs  for  spans 
from  6  to  12  feet  and  Cases  IV  and  V  need  not  be  con- 
sidered since  the  girder  spacing  in  this  type  of  construc- 
tion will  seldom,  if  ever,  exceed  12  feet. 

To  sum  up,  for  both  through  and  deck  girder  bridges, 
effective  widths  must  be  determined  for  various  widths 
of  wheels,  as  follows: 

Case  I,  spans  up  to  10  feet. 

Case  II,  spans  from  6  to  12  feet. 

Case  III,  spans  from  10  to  24  feet. 

Case  V,  spans  from  18  to  24  feet. 

The  minimum  effective  width  for  a  slab  centrally 
loaded  with  a  single  load  will  occur  when  the  slab  width 
is  a  minimum  and  the  span  length  a  maximum;  that 
is,  when  the  ratio  of  width  to  span  is  a  minimum.  For 
the  type  of  construction  under  consideration,  when  the 
spacing  of  longitudinal  beams  is  such  as  to  give  maxi- 
mum bending  under  one  wheel  load,  an  extreme  as- 
sumption is  that  of  a  slab  of  equal  span  and  width.    For 

this  case  the  value  of  -~  equals  1.0  and  the  correspond- 


ing  value  of  ~,  from  Table  I,  is  0.67.  Since  this  as- 
sumed condition  is  extreme  and  since  axle  spacings  are 
so  great  that  the  preceding  or  following  wheel  loads  will 
have  no  effect  on  the  distribution,  we  will  provide 
amply  for  all  ordinary  cases  by  assuming 

!  =  &  =  0.70 

Professor  Young's  equation  for  the  effective  width  of 
a  centrally  loaded  slab  in  which  the  main  reinforcement 
is  perpendicular  to   the  direction  of  traffic  is   E=~k 

Substituting  the  above  value  of  1c  in  this  equation  we 
obtain  E=0J7(S  +  w)  which  may  be  used  for  the 
determination  of  effective  width  for  slabs  in  which 
the  maximum  bending  is  determined  by  one  wheel  load, 
as  in  Case  I. 

In  Cases  II,  III,  and  V  the  maximum  bending  is 
determined  by  either  two  or  four  wheel  loads  and  the 
above  equation,  which  is  for  central  loading,  can  not 
apply  since,  when  the  loads  are  placed  in  the  position 
to  produce  maximum  bending,  none  of  them  is  at  the 
center  of  the  span  of  the  slab.  In  dealing  with  these 
cases,  therefore,  it  will  be  necessary  to  consider  loads 
not  centrally  located  on  the  span  and  in  order  to  do 
this  it  will  be  convenient  to  make  use  of  an  equation 
proposed  by  Professor  Young  in  a  paper  published  in 
the  Engineering  News  in  1914. 5  For  the  conditions 
shown  in  Figure  12  this  equation  is 


E 


-K'4) 


s  Jtanfl  +  d 


in  which  E=  effective  width 

w  and  d  =  dimensions  of  bearing  area  of  wheel 
tan  6  =  1c 

x  =  distance  from  center  of  wheel   to    near 
support 
When  tan  6  =  0.7  and  d  =  0  this  reduces  to 

E=lAx  +  0.7w  (8) 

In  the  following  discussion  this  equation  will  be 
used  for  the  determination  of  effective  width  for  single 
loads  on  slabs  in  which  the  main  reinforcement  is 
perpendicular  to  the  direction  of  traffic. 

5  The  effective  width  of  Reinforced    Concrete  Slabs  Supporting  Concentrated 
Loads.    By  C.  R.  Young.    Engineering  News,  July  30,  1914. 
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Figure  13  shows  the  case  of  two  equal  loads,  P,  in 
the  position  to  produce  maximum  bending  in  the 
slab  of  span,  S.  From  the  above  equation  the  effective 
width  for  the  load  at  point  1  is  Ex  =lAb  +  Q.7w,  and 
for  the  load  at  point  2  it  is  E2  =  lAc  +  Q.7w.  These 
effective  widths  are  the  widths  of  slab,  transverse 
to  the  direction  of  the  slab  span,  over  which  the  re- 
spective loads  may  be  assumed  to  be  uniformly  dis- 
tributed. 

Therefore,  at  point  1  the  load  on  a  strip  of  the  slab 
P 
1  foot  in  width  is  -^  and  at  point  2  the  load  carried  by 

p 

a  1  foot  strip  is^>^  and  E2  being  expressed  in  feet, 

Let  Mx  =  bending  moment  on  a  strip  of  slab  1  foot 
in  width. 
Then 

P(a  +  bY 

MM 


m     Pia  +  b)-] 


Let  M=  total  bending  due  to  the  two  equal  wheel 
loads. 
Then 

P(a  +  2b)c 


M= 


S 


If  M  is  the  total  bending  in  the  slab  and  Mx   is  the 

bending  in   a  strip   1   foot  wide,  it  follows  that  the 

width  in  feet  over  which  the  total  bending  is  distrib- 

M 
uted ;  in  other  words,  the  effective  width  is  equal  to  -p- 

A  typical  determination  of  effective  width  in  ac- 
cordance with  the  above  assumptions  will  now  be 
given  in  detail. 


Fig.  12.- 


-Diagram  of  effective  width  of  slab  with  main  reinforcement  perpendicular 
to  direction  of  traffic  and  load  not  at  center  of  span 


In  Figure  13,  assume 


P=l  and 
&  =  24.0  feet 
a  =  6.0  feet 
w  =  1.0  foot 


Then 
and 


b  =  7.5  feet 

c  =  10.5  feet 

Ex  =  (1.4  x  7.5)  +  (0.7  X  1.0)  =  11.2  feet 
E2  =  (1.4 x  10.5)  +  (0.7 X  1.0)  =  15.4  feet 

M= 


5.0)  10.5  =  g  ig 


Mx  = 


24 

'■7.5     6.0  +  7.5' 
11.2  +      15.4 


E- 


M 

m; 


24 
9.19 


10.5  =  .676 


.676 


=  13.60  feet 


Fig.  13. — Diagram  of  effective  widths  for  two  loads  in  position  to  produce  maximum 
bending  on  slab  with  main  reinforcement  perpendicular  to  direction  of  traffic 

Following  the  method  described  above  the  effective 
widths  have  been  computed  for  Cases  II,  III  and  V 
for  various  span  lengths  and  wheel  widths  and  the 
results  are  tabulated  in  Table  6.  These  results  are 
also  shown  graphically  in  Figures  14  and  15,  the  full 
lines  indicating  calculated  values  of  effective  width 
and  the  dotted  lines  indicating  approximate  values 
given  by  straight  line  equations  which  are  sufficiently 
accurate  for  purposes  of  design. 

These  approximate  equations  are  as  follows,  all 
dimensions  being  in  feet : 

Case  II,  #=0.7(S  +  w)-1.9. 

Caselll,  #=0.7(S  +  w)-3.8. 

Case  V,  #=0.7(S+1.4w)- 6.2. 

It  will  be  noted  that,  for  Case  III,  the  values  given 
by  the  equation  are  not  in  close  agreement  with  the. 
calculated  values  for  wheels  of  1  and  2  feet  width  on 
spans  of  less  than  12  or  13  feet.  The  error  is  not  im- 
portant, since  spans  of  these  lengths  will  seldom,  if  ever, 
be  encountered  in  practice. 

SUGGESTED   SPECIFICATIONS 

In  the  foregoing  discussion  there  have  been  developed 
equations  for  the  determination  of  the  distribution  in 
concrete  slabs  of  the  bending  moments  due  to  con- 
centrated loads.     These  equations  are  intended  to  pro- 
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vide  for  the  range  of  conditions  which  may  ordinarily 
be  encountered  in  the  design  of  highway  bridges.  The 
fundamental  assumptions  have  been  explained  in  suf- 
ficient detail  so  that,  if  desired,  other  equations  to 
provide  for  other  conditions  may  be  derived. 

Table  6. — Effective  width  of  slabs,  with  main  reinforcement  per- 
pendicular to  the  direction  of  traffic  for  three  conditions  of  loading 
and  different  tire  widths 


Effective  width 

Span  (feet) 

Case  II 

Case  III 

CaseV 

ai=o 

to=1.0 

w=2.0 

10  =  0 

10=1.0 

a; =2.0 

w=o 

»=1.0 

W=2.0 

6 

Feel 
2.36 
3.70 
5.05 
6.43 

Feel 
3.21 
4.45 
5.78 
7.15 

Feel 
3.98 
5.18 
6.51 
7.86 

Feet 

Feet 

Fed 

Feet 

Feet 

Feet 

8 

10 

3.43 
4.73 
6.05 
7.39 
8.75 
10.12 
11.48 
12.87 

4.61 

5.59 
6.84 
8.15 
9.49 
10.84 
12.20 
13.60 

5.51 
6.41 
7.61 
8.90 
10.23 
11.57 
12.92 
14.30 

12 

14 _ 

16 

18 

6.40 
7.79 
9.16 
10.56 

7.72 
8.81 
10.07 
11.39 

8  8 

20 

9  74 

22 

10  92 

24 

12  23 

w  =  width  of  tire  in  feet. 

The  following  specifications  may  now  be  written : 
Specification  No.  1 

In  calculating  bending  stresses  due  to  wheel  loads  on 
concrete  slabs,  no  distribution  in  the  direction  of  the 
span  of  the  slab  shall  be  assumed.     In  the  direction 
perpendicular  to  the  span  of  the  slab,  the  wheel  load 
shall  be  considered  as  distributed  uniformly  over  a 
width  of  slab  which  is  known  as  the  "effective  width." 
In  the  following  equations  let — 
S  =  span  of  slab. 
w  =  width  of  wheel  or  tire. 
Ex  =  effective  width  for  one  wheel  of  a  group  on 

the  same  transverse  element  of  the  slab. 
E2  =  total  effective  width  for  the  wheel  or  group 
of  wheels  determining  maximum  bending. 
All  dimensions  to  be  in  feet. 

Case  I. — Main  reinforcement  parallel  to  direction  of 
traffic : 

(a)  Slabs  designed  for  one  truck. 

For  spans  of  7  feet  or  less,  E1  =  0.65S+w. 
For  spans  of  more  than  7  feet,  E1  =  0.12S+w  + 
3.71. 
(6)  Slabs  designed  for  two  trucks. 

For  spans  of  4  feet  or  less,  Ex  =  0.655  +  w. 
Forspans  of  more  than  4  feet,  Et  =  0.  25S  +  W  + 1.6, 
with  a  maximum  value  of  (4.  4+w). 
The  sum  of  the  effective  widths  for  all  the  wheels  in 
the  group  shall  not  exceed  the  width  of  the  slab.     The 
entire  width  of  slab,  including  that  portion  under  the 
curbs  or  railings,  shall  be  proportioned  for  live  load 
stresses  as  determined  by  the  above  equations.     In 
addition  to  the  live  load  and  the  weight  of  the  slab 
itself,  the  edges  of  the  slab  shall  be  designed  to  provide 
for  the  additional  dead  load  of  the  curbs  or  railings. 

Case  II. — Main  reinforcement  perpendicular  to  direc- 
tion of  traffic : 

(a)  Maximum  bending  moment  determined  by  one 

wheel  load,  £2  =  0.  7(S+w). 

(b)  Maximum  bending  moment  determined  by  two 

adjacent  wheels  of  passing\trucks  (wheels  3 
feet  c.  to  a),  E,  =  0.7(S+w)-1.9. 


(c)  Maximum  bending  moment  determined  by  one 

axle  load  (wheels   6  feet  c.   to   c.) ;  E2  =  0.7 
(S  +  w)-3.  8.  _ 

(d)  Maximum  bending  moment  determined  by  two 

axle  loads  (wheel  spacing  6  feet,  3  feet,  and  6 
feet  c.  to  a),  E2  =  0.7(S  +  1.4w)-6.2. 
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Fig.  14.— Values  of  effective  width  for  Cases  II  and  V 
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The  equations  of  Case  II  apply  to  slabs  supported 
by  longitudinal  beams  or  girders  and  do  not  provide 
for  the  effect  of  loads  near  unsupported  edges.  There- 
fore, at  the  ends  of  the  bridge  and  at  intermediate 
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16. — Comparison  of  specifications.    Main  reinforcement  parallel  to  direction  of 
traffic.    Wheel  width,  12  inches 


points  where  the  continuity  of  the  slab  is  broken,  the 
edges  of  the  slab  shall  be  supported  by  diaphragms  or 
other  suitable  means. 

The  foregoing  requirements  are  somewhat  involved 
and  cumbersome  for  the  purpose  of  a  design  specifica- 
tion and,  furthermore,  are  restricted  in  application  to 
the  particular  conditions  of  loading  which  have  been 
considered.  The  following  specification  is  less  cumber- 
some, more  general  in  application,  and  gives  results 
which  are  considered  as  being  in  sufficiently  close  agree- 
ment with  those  of  Specification  No.  1. 
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17. — Comparison  of  specifications.    Main  reinforcement  parallel  to  direction  of 
traffic.    Wheel  widths,  20  inches 


SPECIFICATION  No.  2 

In  calculating  bending  stresses  due  to  wheel  loads 
on  concrete  slabs,  no  distribution  in  the  direction  of 
the  span  of  the  slab  shall  be  assumed.     In  the  direction 
perpendicular  to  the  span  of  the  slab  the  wheel  load 
shall  be  considered  as  distributed  uniformly  over  a 
width  of  slab  which  is  known  as  the  "effective  width." 
In  the  following  equations  let — 
S  =  span  of  slab  in  feet. 
w  =  width  of  wheel  or  tire  hi  feet. 
x  =  distance  in  feet  from  the  center  of  the  near 

support  to  the  center  of  wheel. 
E=  effective  width  in  feet  for  one  wheel. 
Case  I. — Main  reinforcement  parallel  to  direction  of 
traffic  E=  0.7 S  +  w. 

For  this  case  the  value  of  E  shall  not  exceed  7  feet. 

(Continued  on  page  24) 


EFFICIENCY  IN  CONCRETE  ROAD  CONSTRUCTION 

A  Report  of  Observations  Made  by  the  Division  of  Control,  Bureau  of  Public  Roads 

Reported  by  J.  L.  HARRISON,   Highway  Engineer 
Part  V.— SPEEDING  UP  CONSTRUCTION  WORK 


The  preceding  articles  in  this  series  have  dealt  with 
losses  of  time  while  work  is  in  progress.  In  addition 
to  these  losses,  it  has  been  found  that  on  most  jobs  a 
surprising  amount  of  time  is  lost  through  failure  to 
work  at  all.  Work  is  often  begun  a  little  late  in  the 
morning.  Often  it  is  stopped  too  early  at  night. 
Unpleasant  weather  is  permitted  to  interrupt.  Wet 
weather  unduly  delays  operations;  in  many  cases 
because  there  has  been  a  failure  to  keep  the  roads  in  a 
condition  which  minimizes  the  effect  of  heavy  rainfall. 
These  and  the  lesser  causes  which  have  been  found 
to  influence  the  length  of  the  working-day  accumulate 
a  total  of  time  lost  which  becomes  a  material  factor 
in  determining  the  amount  of  work  which  can  be  done 
during  a  normal  season. 

The  bureau's  study  of  these  losses  has  not  been  com- 

Sleted;  therefore  no  final  conclusions  will  be  drawn, 
[owever,  as  illustrating  how  important  they  may  be, 
two  cases  from  the  Middle  West  will  be  cited.  In 
each  case  the  records  given  below  are  for  the  month 
of  July  last;  and,  as  on  each  job  one  Sunday  was 
used  for  work,  the  maximum  working  time  possible 
was  27  days. 

Job  A. — Working-day,  10  hours: 

Time  worked,  hours 225 

Time  lost  because  of  rain,  hours 18 

Other  time  lost,  hours 27 

Job  B. — Working-day,  11  hours: 

Time  worked,  hours 155 

Time  lost  because  of  rain,  hours 22 

Other  lost  time,  hours 120 

To  what  extent  the  "  other  time  losses" — in  one  case  i 
27  hours  and  in  the  other  120  hours— are  due  to  man-  ! 
agerial  laxity  can  not  be  definitely  stated  at  this  time  j 
but  the  data  already  in  hand  warrant  the  conclusion  | 
that  a  good  deal  of  it  can  be  properly  placed  under  no  i 
other  heading.     It  may,  perhaps,  be  added  that  the 
general  data  bearing  on  this  matter  suggest  that  time 
lost  because  of  managerial  laxity,  that  is,  time  allowed 
to  pass  without  even  so  much  as  an  effort  to  produce, 
appears  to  amount  to  approximately  two  hours  a  day. 
Averages  of  this  sort  are  of  little  value  to  the  con- 
tractor who  must,  of  course,  deal  with  conditions  as 
they  are  on  his  particular  job  rather  than  as  they  are 
found    to   prevail    generally.     The   general    figure    is 
referred  to  here  only  because  it  points  to  a  really  serious 
condition  that  is  affecting  the  production  of  paving 
plants  more  than  most  contractors  suppose. 

The  facts  given  above  and  in  the  preceding  articles 
deal  with  the  losses  of  time  which  the  bureau's  studies 
in  this  field  have  developed.  But,  in  the  last  analysis, 
it  is  of  little  value  to  know  what  losses  of  time  are 
occurring  on  a  construction  job,  unless  this  knowledge 
can  be  utilized  for  their  elimination  and  through  their 
elimination  for  the  improvement  of  production.  More- 
over, until  such  use  has  been  made  of  the  data,  there  is 
ground  for  reasonable  doubt  as  to  whether  an  effort 
to  so  modify  common  practices  as  to  eliminate  or 
reduce  these  time  losses  will  not  at  once  develop  new 
difficulties,  as  great  as  or  greater  than  those  which  it  is 
18 


sought  to  correct.  Thus,  the  writer  has  often  been 
cautioned  that  the  mixer  time  can  not  be  saved  by 
fully  overlapping  the  discharge  and  the  raising  of  the 
skip  because  the  power  plant  is  not  adequate  to  start 
the  skip  and  the  discharge  mechanism  together  while 
driving  a  full  drum.  Of  course,  there  is  no  such 
inadequacy  of  power  on  any  good  mixer  but  more  than 
once  both  the  operator  and  the  contractor  have  shown 
honest  fear  as  to  the  safety  of  the  mixer  until  the 
demonstration  has  progressed  for  some  time.  Od 
other  occasions  a  fear  has  been  expressed  that  the 
puddlers  or  the  finishers  or  other  elements  in  the  organ- 
ization can  not  keep  up  if  production  is  increased. 

Such  doubts  are  natural  enough,  and  while  the 
assurance  that  their  lack  of  validity  can  be  developed 
when  the  conclusions  based  on  the  time  studies  are 
put  to  a  test  increasingly  dominates  the  viewpoint  of 
the  investigator  as  the  mass  of  data  at  his  disposal  in- 
creases, it  must  nevertheless  be  true  for  him  as  for  the 
contractor  that  his  case  is  not  fully  established  until 
the  accuracy  of  his  conclusions  has  been  subjected  to 
the  test  of  application  under  ordinary  working  condi- 
tions. Indeed,  it  was  this  view  of  the  matter  that 
brought  about  the  decision  to  attempt  a  field  applica- 
tion of  these  studies.     The  data  which  had  been  col- 
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Fig.  1. — Daily  and  hourly  production  on  project  No.  1,  under  the  supervision  of  the 

contractor 

lected  showed  a  general  condition  of  low  efficiency  in 
production.  The  causes  were,  in  a  general  way,  com- 
mon to  all  projects  and  their  rectification  had  every 
appearance  of  being  simple  enough.  But,  no  matter 
what  appearances  may  be,  a  decision  that  current 
conditions  are  properly  to  be  laid  to  inefficiency  can 
not  reasonably  be  made  until  it  has  been  shown  that 
the  xmsatisfactory  conditions  which  have  been  found 
to  exist  can  readily  be  improved,  eliminated  or  changed 
for  the  better. 
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EFFICIENCY   INCREASED    ON    SEVEN    TEST   PROJECTS 

During  the  past  year,  work  specifically  looking 
toward  improving  the  production  of  concrete  paving 
plants  has  been  done  on  seven  projects  or  sections  of 
projects  in  three  States,  under  the  immediate  charge 
of  four  different  engineers.  About  two  months  has 
been  given  to  each  project  studied,  except  No.  7,  as 
listed  in  the  following  brief  summary  of  the  results 
obtained: 


B 


A 
D 


Result 


Output  about  doubled.  Production  limited  by 
an  inadequate  truck  supply.  For  greater 
detail  see  Figures  1,  2,  3,  and  4,  and  Tables  1 
and  2. 

Output  increased  materially.  Maximum  run 
under  contractor's  management  683  feet. 
Maximum  run  under  suggestions  based  on 
studies  944  feet.  Work  on  this  section  was 
discontinued  because  truck  supply  was  in- 
adequate to  serve  both  project  2  and  project  3 
(two  sections  of  the  same  contract)  and  it  was 
desired  to  have  an  adequate  transportation 
supply  on  project  3. 

Output  about  doubled.  Maximum  production 
101  feet  per  hour  for  123^  hours.  Average 
production  during  last  week  of  study  97  feet 
per  hour  for  61  hours.  For  greater  detail  see 
Figures  5,  6,  and  7  and  Tables  3  and  4. 

Efficiency  of  truck  operation  increased  from  about 
73  to  about  95  per  cent.  Production  corres- 
pondingly increased.  Truck  supply  inade- 
quate during  whole  of  study.  For  additional 
data  see  Figure  8. 

Two  sections  of  the  same  contract.  Production 
on  both  sections  was  consistently  increased  in 
spite  of  inadequate  transportation,  which  the 
contractor  did  not  see  fit  to  remedy,  and 
exceptionally  adverse  weather  conditions  which 
prevented  the  development  of  really  first-class 
working  organizations  and  caused  a  direct  loss 
of  69J/2  hours  of  working  time  during  the 
month  of  September.  Notwithstanding  these 
difficulties,  the  output  on  the  first  section  (5) 
was  increased  from  9,269  feet  in  170J4  hours  of 
mixer  operation  during  the  month  of  August  to 
12,796  feet  in  160  hours  of  mixer  operation 
during  the  month  of  September,  an  increase 
from  57  to  80  feet  per  hour.  On  the  seeond 
section  the  maximum  production  was  in- 
creased from  406  feet  in  9  hours  of  mixer  opera- 
tion to  1,127  feet  in  12J^  hours  of  mixer 
operation. 

Contractor's  low  production  found  to  be  almost 
entirely  due  to  functional  inadequacy  of  mixer 
and  contractor  so  informed.  No  effort  was 
made  to  speed  up  this  project. 


Two  plans  of  operation  have  been  tried  on  this  work : 
(1)  Assistance  to  the  contractor,  rendered  through 
suggestions  as  to  appropriate  changes  in  methods  and 
practices;  and  (2)  placing  at  the  contractor's  disposal 
an  engineer  competent  to  act  as  superintendent  who 
thereafter,  during  the  test  period,  took  over  a  con- 
siderable part  of  the  work  of  the  superintendent  in 
directing  operations  on  the  project.  It  is  hardly 
necessary  to  point  out  that  there  are  vital  differences 
between  these  plans.  The  first  depends  on  the  sales- 
manship of  the  engineer.  His  data  may  be  perfectly 
correct  and  the  conclusions  which  he  draws  from  the 
data  may  be  unassailable,  but  unless  he  can  convince 
the  contractor  and  his  superintendent,  little  or  nothing 
is  done. 


It  has  been  the  uniform  experience  of  the  bureau's 
representatives  that  contractors  assume  that  the 
results  which  they  are  securing  are  the  best  that 
anyone  can  secure  under  existing  conditions,  and 
that  uncontrollable  adverse  physical  conditions  or 
others  differing  from  the  conditions  prevailing  on 
some  other  job  are  responsible  for  the  low  production 
record.     It    may    be    admitted    that    in    occasional 
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Fig.  2. — Daily  and  hourly  production  on  project  No.  1  under  suggestions  made  by 
the  bureau  engineer 

instances  this  is  correct.  Jobs  5  and  6  offer  an  illus- 
tration somewhat  in  point.  These  jobs  were  under- 
taken toward  the  end  of  the  construction  season  and 
weather  conditions  became  so  adverse  that,  though 
improvement  in  output  resulted,  it  was  impossible  to 
maintain  a  smooth-running  organization,  and  so  fully 
to  develop  this  improvement.  But  even  in  this  case, 
it  would  be  improper  to  assume  that  the  problem  did 
not  permit  of  solution  by  older  or  more  experienced 
men.  On  the  other  hand,  in  the  great  majority  of 
cases,  it  is  apparent  to  the  impartial  and  disinterested 
observer,  that  physical  conditions  are  a  small  factor 
in  determining  the  relative  efficiency  of  production  on 
different  projects.  Commonly  the  quality  of  the 
superintendence  is  the  factor  of  first  importance.  The 
adequacy  of  the  plant  also  is  a  factor  but  it  would 
appear  to  be  a  fair  presumption  that  if  the  superintend- 
ence is  really  first-class,  inadequacies  in  plant  and 
equipment  will  be  corrected  within  a  reasonable  period. 
But  as  the  engineer,  endeavoring  to  improve  produc- 
tion by  offering  suggestions,  must  convince  a  man  who 
is  disposed  to  lay  his  troubles  to  almost  anything  other 
than  their  real  cause,  the  problem  of  initiating  im- 
proved methods  on  the  basis  of  pure  salesmanship 
will  be  understood  to  be  a  difficult  one.  Results  have 
been  secured  on  this  basis  but  it  is  by  no  means  as 
uniformly  effective  as  placing  on  the  job  a  man  who, 
with  the  full  consent  of  the  contractor,  will  take  over 
the  direction  of  personnel  and  equipment  so  far  as  this 
is  necessary  in  order  to  place  the  modified  practices 
in  operation. 
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RATIO   NUMBER  TRUCKS  USEO  TO  NUMBER  NEEDED 

PERCENTAGE  OELIVERY  WITH  TRUCKS  USEO 


NUMBER  OF  TRUCKS  USED 

NUMBER  OF  TRUCKS  NEEDED   FOR  FULL  PRODUCTION 

BATCHES  PER   HOUR 

AVERAGE 

Fig.  3. — Study  of  truck  operation  on  project  No.  1 

When  the  latter  method  is  used  the  new  methods  sell 
themselves  as  their  application  increasingly  develops 
production  and  it  has  commonly  been  found  that  as 
production  has  increased,  confidence  in  the  merit  of 
the  new  practices  has  encouraged  the  contractor  to 
facilitate  their  perfection  in  every  possible  way. 

GRADUAL  SIMULTANEOUS  IMPROVEMENT  OF  ALL  OPERATIONS  THE 
AIM    OF   TESTS 

F-  In  the  application  of  data  obtained  from  time  studies, 
the  practice  has  been  to  make  a  gradual  correction  in 
operation  affecting  all  related  parts  of  the  improve- 
ment program  simultaneously.  This  has  been  found 
to  be  desirable,  if  not  necessary.  The  major  difficulties 
on  most  concrete  jobs  are  at  the  mixer  and  in  the 
material  supply.  To  correct  mixer  operation  without 
modifying  the  material  supply  ordinarily  will  have  no 
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Fig.  4.— Effect  of  increase  in  production  on  labor  cost  (including  wages  of  truck 
drivers)  on  project  No.  1.  The  increase  in  production  resulted  from  the  sugges- 
tions of  bureau  engineer 

effect  on  production.  On  the  other  hand,  unless  there 
is  a  shortage  in  the  material  supply,  to  improve  prac- 
tices in  handling  the  trucks  without  improving  the 
operation  of  the  mixer  will  not  improve  production. 
But  the  objective  is  improved  production — not  a 
theoretical  perfection  in  operating  practices — so  both 
operations  must  be  improved  together  or  the  program 
tends  to  discredit  itself  for  the  simple  reason  that  it 
becomes  obvious  to  all  that  the  objective  is  not  being 
reached. 

One  other  comment  in  regard  to  this  work  may  be 
appropriate,  namely,  that  when  an  effort  is  made  to 
improve  production  the  extent  to  which  this  can  be 
accomplished  will  depend  on  the  equipment  at  hand. 
There  is  a  difference  here  between  the  work  of  the 
engineer  whose  problem  it  is  to  demonstrate  efficient 
methods  with  the  equipment  available  and  that  of  the 
superintendent,  one  of  whose  normal  functions  it  is  to 
determine  what  equipment  is  required  and  to  procure 
and  maintain  a  full  supply  of  such  equipment. 

The  engineer  who  is  endeavoring  to  increase  pro- 
duction may,  of  course,  make  every  effort  to  induce 
the  contractor  to  obtain  such  equipment  as  may  be 
needed  in  order  to  obtain  full  production.  But 
often  conditions  are  such  that  this  equipment  can  not  be 
obtained  at  once.  The  criterion  of  his  success  must, 
therefore,  be  the  amount  of  correction  that  can  be 
obtained  in  operating  efficiency  using  the  equipment 
with  which  prevailing  conditions  force  him  to  work. 
As  a  result,  it  is  not  always  possible  to  secure  a  full 
correction  of  the  mixer  output  even  though  improve- 
ment in  the  operating  efficiency  of  the  avadable  truck 
supply  is  quite  satisfactory.  The  graphs  in  Figure  8, 
which  are  for  project  No.  4,  bring  out  this  point. 
Graph  A  shows  the  efficiency  of  truck  operation  under 
the  contractor's  management,  which  had  been  at  least 
as  good  as  the  average.  Graph  B  shows  the  efficiency 
of  truck  operation  as  effected  by  suggestions  made  by 
the  bureau's  representative.  In  this  case,  the  truck 
supply  was  inadequate  for  the  whole  period  during 
which  suggestions  were  being  made;  but  the  production 
per  hour  of  work  increased,  partly  because  of  the 
shortening  haul  which  naturally  brought  mixer  output 
capacity  and  truck  delivery  capacity  closer  together  and 
partly  because  of  the  greater  efficiency  of  truck  opera- 
tion.    Toward  the  end  of  the  period  production  per 
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hour  rose  high  enough  to  force  the  mixer,  and  the 
improvement  is  clearly  apparent  from  a  study  of 
graphs  C  and  D  of  Figure  8,  which  show  the  number 
of  batches  placed  per  hour  before  the  suggestions  were 
made  and  toward  the  end  of  the  bureau's  connection 
with  the  job. 

Another  job,  project  No.  1,  of  similar  characteristics 
as  to  truck  supply  but  with  a  lower  original  efficiency 
in  operation,  is  represented  by  the  graphs  of  Figure  3. 
Initially  the  haul  was  about  1.5  miles.  This  increased 
during  the  next  few  days  to  a  maximum  of  about  3.2 
miles  which  completed  that  section.  The  mixer  was 
then  moved  to  a  point  to  which  the  haul  was  4.9  miles, 
from  which  it  was  reduced  as  the  work  progressed  to 
3.2  miles  at  the  completion  of  paving.  This  job 
differed  from  project  No.  4,  referred  to  above,  in  that 
the  bureau's  engineer  was  able  to  persuade  the  con- 
tractor to  rent  a  few  extra  trucks  though  not  enough  to 
enable  him  to  make  a  delivery  equal  to  the  mixer's 
output  capacity.  However,  the  contractor  let  these 
trucks  go  too  soon.  Under  the  contractor's  manage- 
ment operating  efficiency  at  the  mixer  was  low.  This 
was  complicated  by  an  unfair  setting  of  the  mixing  time 
as  evidenced  by  the  high  mixing  time  shown  in  Table  1. 
In  addition,  however,  the  general  efficiency  prevailing 
on  all  parts  of  the  job  was  considerably  below  normal. 
Increasing  the  efficiency  with  which  the  trucks  operate 
(compare  graphs  A  and  B,  fig.  3)  improved  the  supply 
of  material  at  the  mixer,  and   cutting  out    the  time 


losses  at  the  mixer  increased  the  mixer's  capacity  to 
handle  the  material  delivered  to  it.  As  a  result 
production  rose  steadily  (time  losses  due  primarily  to 
weather  conditions  being  allowed  for).  As  in  the 
first  case  cited,  the  material  supply  during  the  latter 
part  of  the  work  was  also  influenced  by  the  decreasing 
haul,  but  as  truck  supply  was  never  sufficient  (compare 
graphs  C  and  D  with  E  and  F  in  fig  3)  the  output  of 
the  mixer  never  reached  its  full  capacity.  The  in- 
creased output  was  secured  without  material  change  in 
personnel  employed.  Figure  4  shows  the  effect  of  this 
increased  production  on  the  unit  labor  cost  (including 
truck  drivers)  of  this  w-ork 

RECOMMENDATIONS   OF   THE   BUREAU   CONVINCINGLY 
DEMONSTRATED 

On  project  No.  3,  as  listed  above,  transportation 
facilities  were  adequate  and  working  conditions, 
weather,  etc.,  normal.  The  contractor  had  main- 
tained a  rate  of  production  which  would  be  considered 
in  most  places,  at  least,  as  quite  satisfactory.  (See 
fig.  5.)  In  this  respect  this  job  differed  widely  from 
project  No.  1,  just  noted.  On  that  job  it  has  been 
possible  to  raise  production  from  subnormal  to  about 
normal,  but  because  of  the  limited  truck  supply  avail- 
able it  was  impossible  to  get  really  first-class  production 
from  the  mixer,  though  this  job,  as  well  as  project 
No.  4,  showed  that  the  efficiency  with  which  the  trans- 
portation was  operated  could  be  maintained   at  an 


Table  1. — Results 

of  stop-watch  studies  on 

job  No. 

1  under  the  contractor' s 

management  before  suggestions  were  made  by  the  bureau 

Number 

of 
batches 
per  hour 

Mixer  time 

Lost  time 

Study  No. 

Charge 

Mix 

Discharge 

Percent- 

\ft°{    '    Truck 

worting    short^ 
time 

Slow- 
truck 
operation 

Mixer 
trouble 

Slow 

mixer 

operation 

Water 

supply 

\ 

Setting 
dowel 
rods 

I'M    (Ml 

ing  sub- 
grade 

Lack  of 
cement 
at  mixer 

Dumping 
cement 
into  skip 

49 

22 
22 
13 
12 
9 
20 
16 
17 
14 
15 
20 
20 
19 

Seconds 
11 
11 

10J4 
10J4 
n 
n 

ioy2 
ioy2 
ioy2 

10 

W'A 

10M 

11 

Seconds 
78 
78 
79 
76J4 
76M 
76 
76 
71M 
79K2 
78 
80H 
79H 
77 

Seconds 
23 
21 

21)2 

21 

21 

21 

22 

20 

21 

20 

20 

20M 

20 

Per  cent 
68 
68 
41 
36 
27 

Per  cent 

Per  cent 
3 

Per  cent 

Per  cent 
27 
22 

9 
10 

8 
14 
23 
21 
10 

2 
14 
23 

7 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 
2 

50 

3 

5 

2 

51 

46 

39 

44 

4 

52 _ 

9 

2 

4 

53 •_ 

15 

6 

54 

60                 13 

10 

3 

55 _. 

49 

6 

21 
31 

1 

56 

48 
43 
45 
62 
61 
58 

57 _ 

41 
45 
19 

6 

58 

8 

59 _. 

5 

60 

7 

5 
6 

4 

61.. 

1                2  '               15 

5 

7 

Average 

16.9 

10.7 

77.4 

20.9 

Percentage 

51. 2               2. 2  1           19. 2 

14.6 

0.7 

0.8 

4.5 

1.2 

3.5 

Total  time  per  batch=-yT-(r=213  seconds.    Time  per  batch  for  maximum  efficiency  (48  batches  per  hour)  =  75  seconds.    Actual  operating  efficiency=^p,=35.2  per  cent. 
Table  2. — Results  of  slop-watch  studies  on  job  No.  1  operated  in  accordance  with  suggestions  made  by  the  bureau 


Number 

of 
batches 
per  hour 

Mixer  time 

Lost  time 

Study  No. 

Charge 

Mix 

Discharge 

Percent- 
age of 
total 

working 
time 

Truck 
Shortage 

Mechani- 
cal truck 
trouble 

Slow 

mixer 

operation 

Water 
supply 

60.. 

28 
26 
25 
31 
23 
31 
30 
28 
30 

Seconds 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Seconds 
72 
71 

68H 
68 
71 
51 
51 
59 
64 

Seconds 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Per  cent 
70 
64 
60 
75 
57 
60 
57 
60 
68 

Per  cent 

Percent 
17 
16 
3 
1 
20 
1 
7 
4 
1 

Per  cent 
3 
3 

Per  cent 
10 

61 

11 
37 
23 
20 
37 
34 
35 
25 

6 

62 

63.. 

1 
3 
2 
2 

1 

64.. 

65.. 

66 

67... 

68.. 

6 

28 

10 

63.9 

8 

63.3 

24.7 

7.8 

1.8 

2.4 

::. 


Total  time  Der  batch=  -^°°=129  seconds.    Time  per  batch  for  maximum  efficiency  (48  batches  per  hour)  =  75  seconds.    Actual  operating  efficiency=^=5 
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Fig.  6.— Daily  and  hourly  production  on  project  No.  3  under  suggestions  made  by 
the  bureau  engineer 

average  above  90  per  cent  of  theoretically  perfect 
performance.  As  it  was  evident  that  project  No.  3 
could  provide  an  adequate  transportation  supply  it 
was  apparent  that  it  would  be  possible  to  use  it  to 
ascertain:  (1)  Whether  efficiency  at  the  mixer  could  be 
developed  to,  and  consistently  maintained  at,  over 
90  per  cent  of  theoretical  efficiency;  (2)  whether  the 
efficiency  of  material  delivery  could  be  maintained  at 
a  correspondingly  high  level  while  such  a  high  rate  of 
demand  was  being  made  on  it;  (3)  whether  in  the  face 
of  such  a  rate  of  output  any  other  unit  of  the  equip- 


Fig.  7.— Study  of  truck  operation  on  project  No.  3 

ment  would  prove  inadequate;  or  (4)  whether  any  part 
of  the  labor  organization  would  have  to  be  enlarged. 

Operations  were  begun  simultaneously  at  the  mixer 
where  «the  operator  was  carefully  trained  to  avoid 
time  losses,  at  the  material  yards  where  cement 
handling  had  been  causing  some  delay  in  operating 
the  trucks,  and  on  the  truck  supply  where  miscel- 
laneous losses  had  amounted  to  about  six  minutes 
per  trip.  On  this  particular  job  production  developed 
rather  slowty  (fig.  6),  the  reason  being  that  it  took 
a  good  deal  of  time  to  train  the  truck  drivers  to  oper- 
ate on  a  schedule  which  would  deliver  enough  material 
to  force  the  mixer.  At  first  there  was  some  actual 
truck  shortage,  but  this  was  soon  corrected,  and  as  the 
delivery  increased  the  mixer  operator  made  increasing 
efforts  to  master  the  problem  of  handling  it. 

The  demonstration  was  a  complete  success.  Figure 
6  shows  the  increase  in  production;  and  Figure  7 
shows  the  characteristic  differences  between  the  con- 
tractor's operation  of  trucks  and  the  operation  de- 
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veloped  by  the  bureau's  representative  for  the  same 
length  of  haul.  Tables  3  and  4  show  the  character- 
istics of  operation  under  the  contractor's  management, 
and,  during  the  last  week  of  the  test  period,  under  the 
suggestions  of  the  bureau.  The  maximum  rate  of 
production  was  attained  on  the  last  full  day's  opera- 
tion when  101  feet  per  hour  were  laid  for  123^  hours. 
During  this  period,  which  was  long  enough  to  test  the 
effectiveness  of  operating  practices,  no  time  was  lost 
on  account  of  functional  inadequacy  in  any  unit  of  the 
mechanical  equipment,  thus  demonstrating  conclu- 
sively that  the  equipment  correlated  with  the  mixer 
had  ample  capacity.  The  truck  supply  was  adequate 
and  its  performance  demonstrated  that  trucks  are 
capable  of  showing  and  of  maintaining  a  high  rate  of 
efficiency  if  their  operation  is  properly  supervised. 

ADVANTAGE    OF    HIGH-CLASS    SUPERINTENDENCE    EMPHASIZED 

Possibly  an  even  better  demonstration  of  the  real 
capacity  of  a  paving  outfit  is  offered  by  the  perfor- 
mance during  the  last  week  (61  working 'hours)  of  the 


bureau's  contact  with  this  project.  During  this 
period  production  amounted  to  5,925  feet,  which  is  an 
average  of  97.1  feet  per  hour  worked.  The  lowest 
rate  of  production  during  this  period  was  92.4  feet 
per  hour  and  the  highest  101  feet  per  hour,  an  opera- 
tion of  notable  uniformity  at  a  high  rate  of  efficiency 
which  fully  demonstrates  that  the  well  balanced  paving 
outfit  is  capable  of  sustained  high  production  if  the 
various  elements  in  the  construction  organization  are 
correlated  and  synchronized  to  eliminate  time  losses. 
The  experience  on  this  job  points  directly  to  the  last 
conclusion  it  is  desired  to  draw  at  this  time,  namely, 
that  job  management,  or  superintendence,  is  com- 
monly the  weakest  point  in  the  construction  organiza- 
tion. Contractors  are  losing  thousands  of  dollars 
every  year  because  they  employ  as  superintendents 
men  who  have  proved  to  be  good  foremen  or  who  have 
been  found  to  be  bright  inspectors  on  their  jobs.  The 
point  that  is  commonly  overlooked  is  that  the  efficient 
field  supervision  of  a  large  construction  job  requires  a 
breadth  of  knowledge  and  an  ability  to  analyze,  arrange, 
and  synchronize  the  elements  of  a  construction  opera- 


Table  3.— Results  of  stop-watch  studies  on  job  No.  3  under  the  contractor's  management  before  suggestions  were  made  by  thebureau 


Number 

of 
batches 
per  hour 

Mixer  time 

Lost  time 

Date 

Charge 

Mix 

Discharge 

Percent- 
age of 
total 

working 
time 

Truck 

shortage 

Mechani- 
cal truck 
trouble 

Mixer 
trouble 

Slow 

mixer 

operation 

Water 
supply 

Preparing 
subgrade 

Delay 

due  to 

concrete 
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Miscel- 
leanous 
delays 

1925 

16 
36 
31 
36 
34 
31 
38 
38 
31 
10 
17 
24 
20 
23 

Seconds 

9 

9V2 
9H 
9 
10 
10 
QA 
10 
9A 
9 

9H 
9 

Seconds 
59M 
61 
60 
61 

61^ 
58 
59 
59 
59 
61 
61 
60 
61 
61 

Seconds 
10 
10 
12 
10 
10 
12 
10 
10 
10 
10 
10 
12 
10 
12 

Per  cent 
35 
80^ 
69H 
81 
76 
67 
82 
82^ 
67 
23 
38 
54 
44 
51H 

Per  cent 

Per  cent 

Per  cent 

Per  cent 
15 

ioh 

16A 
6 
13 

17H 
6 

8N 
9 
1 
VA 

iA 

3 
6 

Per  cent 

Per  cent 

Per  cent 
50 

Per  cen 

12 

9 
5 

VA 

12 

9 

&A 

5 

3 

1 

15 

2 
6 

15 

19 

VA 

7 

20 

10 
6 
14 
13 
28 
39^ 
49 
30A 

1 
2 

20 

VA 

20 

21^ 
1 

9 

25 

HA 
27M 

26 

4 
2 
1 
10 

26 

30 

3 
2 

30 

Average 

27.4 

9.5 

60.1             10.6 

1 

Percentage 

60.9 

13.6 

4  0               11 

8.4 

2.0 

1.6 

Total  time  per  batch=  —^-=131  seconds.    Time  per  batch  for  maximum  efficiency  (48  batches  per  hour)=75  seconds.    Actual  operating  efficiency  =  ,.  =  57.1  per  cent. 


Table  4. — Results  of  stop-watch  studies  on  job  No.  3  during  tlie  last  week  of  the  bureau's  assistance  to  the  contractor 


Number 
of  batches 
per  hour 

Mixer  time 

Lost  time 

Date 

Charge 

Mix 

Dis- 
charge 

Percent- 
er of 
total 

working 
time 

Mechani- 
cal truck 
trouble 

Mixer 
trouble 

Water 
supply 

Prepar- 
ing sub- 
grade 

Lack  of 
materials 
due  to 
poor  su- 
pervision 

Miscel- 
laneous 
delays 

1925 
July  27 

45 
44 
43 
44 
45 
46 
38 
38 
47 
43 
46 
45 

Seconds 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Seconds 
64 
64 

WA 

64 

63^ 

64 

64 

64 

64 

63H 

63H 

64 

Seconds 
3 

2A 
2A 
2A 
3 

2H 
3 
3 

2A 
3 

2A 
2A 

Per  cent 
95A 
94M 
91 
93 
95A 
W': 
81 
81 
100 
9VA 
98 
95M 

Per  cent 
2A 
5 

m 

A. 

Per  cent 
1 

Per  cent 
1 

A 

Per  cent     Per  cent 

Per  cent 

28 

28 

A 

28 

6A 

29 

4A 

29 

A 

30 

2 
■16 

4 

13 

30 

3 

31 

31 

2 


1 
2 

iA 

5A 

31 

Aug.  1 

Average 

43.7 

10 

64 

2.7 

Percentage 

97.0 

2.0 

2.6 

0.8 

1.6 

1  Because  of  this  time  loss  due  to  high  pressure  in  the  line,  the  water  losses  do  not  show  the  improvement  that  was  actually  made. 
3,000 


75 


Total  time  per  batch="^pf —82.4  seconds.    Time  per  batch  for  maximum  efficiency  (48  batches  per  hour)  =  75  seconds.    Actual  operating  efficiency^  „„ 


■91.0  per  cent. 
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tion  which  few  men  possess.  So  much  is  at  stake  in  a 
large  construction  operation,  and  the  difference  be- 
tween ordinary  operation  and  really  efficient  operation 
is  so  great,  that  really  first-class  superintendents,  i.  e., 
men  who  can  obtain  a  general  efficiency  of  operation 
exceeding  90  per  cent  of  theorectical  perfection,  are 
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Fig.  8. — Study  of  truck  operation  on  project  No.  4 

worth,  to  a  large  contractor,  almost  anything  they  care 
to  ask,  while  men  of  ordinary  ability  are  expensive  at 
any  price.  Indeed  it  is  no  exaggeration  to  say  that  the 
first-class  superintendent  can  secure  at  least  twice  tbe 
production  which  is  now  commonly  obtained  with 
little  or  no  increase  in  labor  or  in  equipment  charges, 
which  is  equivalent  to  saying  that  he  can  reduce  by 
half  the  ordinary  unit  labor  and  equipment  charges  that 
enter  into  the  cost  of  a  concrete  pavement.  Contrac- 
tors would  be  well  advised  to  give  more  thought  to  this 
phase  of  their  work  for,  under  conditions  generating 
keen  competition,  weakness  at  this  point  in  the  con- 
struction organization  is  an  invitation  to  financial  ruin. 


(Continued  from  page  17) 

When  two  wheels  are  so  located  on  a  transverse 
element  of  the  slab  that  their  effective  widths  overlap, 
the  effective  width  for  each  wheel  shall  be  }4(E+a), 
where  a  is  the  distance  between  centers  of  wheels. 

Case  II. — Main  reinforcement  perpendicular  to  direc- 
tion of  traffic,  E=0.7(2x  +  w). 

For  this  case  the  bending  moment  on  a  strip  of  slab 
1  foot  in  width  shall  be  determined  by  placing  the 
wheel  loads  in  the  position  to  produce  maximum  bend- 
ing; determining  the  effective  width  for  each  wheel; 
and  assuming  the  load  delivered  by  each  wheel  to  the 
1-foot  strip  to  be  the  wheel  load  divided  by  its  respec- 
tive effective  width. 

This  design  assumption  does  not  provide  for  the 
effect  of  loads  near  unsupported  edges.  Therefore, 
at  the  ends  of  the  bridge  and  at  intermediate  points 
where  the  continuity  of  the  slab  is  broken,  the  edges 
of  the  slab  shall  be  supported  by  diaphragms  or  other 
suitable  means. 

It  will  be  noted  that  specification  No.  2  is  somewhat 
similar  to  certain  specifications  now  in  general  use, 
particularly  as  regards  the  requirements  for  Case  I. 
However,  the  usual  specification  of  this  type  limits 
the  effective  width  to  a  maximum  of  6  feet  and  it  is 
felt  that  this  requirement  is  more  severe  than  is 
necessary.  A  maximum  of  7  feet  gives  results  which, 
for  ordinary  widths  of  wheel,  are  in  closer  agreement 
with  those  given  by  specification  No.  1.  Wheel 
widths  of  from  12  to  20  inches  practically  cover  the 
range  of  widths  which  are  usually  assumed  for  design 
purposes.  In  Figures  16  and  17  comparisons  are 
shown  for  Case  I,  between  specification  No.  1  and 
specification  No.  2  for  wheel  widths  of  12  and  20  inches 
and,  in  the  case  of  specification  No.  2,  for  both  a  6-foot 
and  a  7-foot  maximum.  For  Case  II  the  comparison 
of  the  two  specifications  is  shown  in  Figures  14  and 
15,  the  dotted  lines  representing  specification  No.  1 
and  the  full  lines  specification  No.  2. 

It  is  realized  that  certain  of  the  basic  assumptions 
which  have  been  made  for  the  derivation  of  these 
specification  requirements  are  open  to  serious  criticism 
and  that  future  research  may  discredit  the  conclusions 
which  have  been  reached.  One  of  the  assumptions 
which  might  be  questioned  is  Professor  Young's  basic 
equation  which  has  been  reduced  to  the  form,  £'=0.7 
{2x  +  w) .  The  use  of  this  equation  results  in  a  seeming 
discrepancy  in  that  the  live  load  bending  moment  on 
a  1-foot  strip  of  slab  loaded  at  the  center  is  less  than 
that  due  to  the  same  load  placed  at  the  quarter  point. 
In  spite  of  this  discrepancy  the  equation  has  been 
accepted  for  lack  of  data  upon  which  to  base  one  which 
might,  perhaps,  lead  to  more  logical  results. 

The  foregoing  study  is  an  attempt  to  apply  the 
available  test  data  in  as  logical  a  manner  as  possible  to 
the  variety  of  conditions  encountered  in  the  design  of 
the  floor  slabs  of  highway  bridges  and  the  specifications 
are  suggested  for  use  only  until  such  time  as  further 
research  may  increase  our  knowledge  of  the  subject 
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STRESSES  IN  CONCRETE  PAVEMENTS  COMPUTED 
BY  THEORETICAL  ANALYSIS' 

By  H.  M.  WESTERGAARD,  Associate  Professor  of  Theoretical  and  Applied  Machanics,  University  of  Illinois 

Doctor  Westergaard,  in  the  following  paper  prepared  for  presentation  before  the  Highway  Research  Board,  summarizes  the  results 
of  a  long  period  of  study  partly  under  the  auspices  of  the  Bureau  of  Public  Roads.  From  assumptions  of  the  conditions  of  loading,  sup- 
port, etc.,  of  concrete  road  slabs,  which  conform  closely  to  the  actual  conditions  generally  obtaining,  he  has  developed  by  mathematical  analy- 
sis a  method  by  which  the  stresses  in  road  slabs  may  be  computed.  By  the  use  of  the  formulas,  charts  and  tables  which  accompany  the 
paper  the  method  can  be  applied  conveniently  by  highway  engineers  for  the  design  of  concrete  road  slabs.  It  also  offers  a  means  of  com- 
puting the  critical  stresses  in  existing  pavements,  and  may  be  used  to  furnish  the  answer  to  the  question,  often  propounded,  as  to  the  possible 
decrease  in  the  thickness  of  a  pavement  if  the  operation  of  the  heavier  vehicles  is  prohibited,  and,  vice  versa,  what  additional  thickness  is 
required  by  a  given  increase  in  wheel  pressure. 


One  may  obtain  a  computation  of  stresses  in  con- 
crete roads  by  assuming  the  slab  to  act  as  a  homoge- 
neous, isotropic,  elastic  solid  in  equilibrium,  and  by 
assuming  the  reactions  of  the  subgrade  to  be  vertical 
only  and  to  be  proportional  to  the  deflections  of  the 
slab.  With  these  assumptions  introduced,  the  analy- 
sis is  reduced  to  a  problem  of  the  mathematical  theory 
of  elasticity. 

The  reaction  of  the  subgrade  per  unit  of  area  at  any 
given  point  may  be  expressed  as  a  coefficient,  Jc,  times 
the  deflection,  z,  at  the  point.  This  coefficient  is  a 
measure  of  the  stiffness  of  the  subgrade,  and  may  be 
stated  in  pounds  per  square  inch  of  area  per  inch  of 
deflection,  that  is,  in  lb. /in.3.  The  coefficient,  Jc,  will 
be  called  the  modulus  of  suhjrade  reaction.  It  corre- 
sponds to  the  "modulus  of  eleasticity  of  rail  support" 
which  has  been  used  in  recent  investigations  of  stresses 
in  railroad  track.2  The  modulus,  Jc,  is  assumed  to  be 
constant  at  each  point,  independent  of  the  deflections, 
and  to  be  the  same  at  all  points  within  the  area  which 
is  under  consideration. 

It  is  true  that  tests  of  bearing  pressures  on  soils  have 
indicated  a  modulus,  7c,  which  varies  considerably 
depending  upon  the  area  over  which  the  pressure  is 
distributed.3  Yet,  so  long  as  the  loads  are  limited  to 
a  particular  type,  that  of  wheel  loads  on  top  of  the 
pavement,  it  is  reasonable  to  assume  that  some  con- 
stant value  of  the  modulus,  Jc,  determined  empirically, 
will  lead  to  a  sufficiently  accurate  analysis  of  the  deflec- 
tions and  the  stresses.  One  finds  an  argument  in 
favor  of  the  assumption  of  a  constant  modulus,  Jc,  for 
a  given  section  of  road  by  examining  the  tables  which 
are  given  below.  They  show  that  an  increase  of  I' 
from  50  lb. /in.3  to  200  lb. /in.3,  that  is,  an  increase  of 
the  stiffness  of  the  subgrade  in  the  ratio  of  four  to 
one,  causes  only  minor  changes  of  the  important 
stresses.  Minor  variations  of  Jc,  therefore,  can  be  of 
no  great  consequence,  and  an  approximate  single  value 
of  Jc  should  be  sufficient  for  a  quite  accurate  determi- 
nation of  the  important  stresses  within  a  given  section 
of  the  road.  The  modulus,  Jc,  enters  in  the  formulas 
for  the  deflections  of  the  pavements,  and  may  be 
determined  empirically,  accordingly,  for  a  given  type 

1  A  paper  presented  before  the  annual  meeting  of  the  Highway  Research  Board, 
National  Research  Council,  held  at  Washington,  D.  C,  Dec.  3,  1925. 

1  Progress  report  of  the  special  committee  to  report  on  stresses  in  railroad  track,  Am . 
Soc.  Civil  Engineers,  Trans.,  v.  82,  1918,  p.  1191. 

3  Tests  dealing  with  this  question  have  been  reported  in  a  paper  entitled,  "Re- 
searches on  the  structural  design  of  highways  bv  the  United  States  Bureau  of  Public 
Roads,"  by  A.  T.  Goldbeck,  Am.  Soc.  Civil  Engineers,  Trans.,  v.  88,  1925,  p.  264, 
especially  p.  271;  in  a  paper  entitled,  "The  supporting  value  of  soil  as  influenced  by 
the  bearing  area,"  by  A.  T.  Goldbeck  and  M.  J.  Bussard,  Public  Roads,  v.  5, 
No.  11,  Jan.  1925;  and  by  A.  Bijls,  in  Genie  Civil,  v.  82,  1923,  p.  490.  According  to 
these  tests,  in  the  case  of  a  pressure  which  is  distributed  uniformly  over  an  area,  the 
modulus,  k,  would  be  approximately  inversely  proportional  to  the  square  root  of 
the  area.     This  result  is  supported  by  theoretical  considerations. 
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of  subgrade,  by  comparing  the  deflections  found  by 
tests  of  full-sized  slabs  with  the  defections  given  by 
the  formulas. 

It  will  be  assumed  for  the  time  being  that  the  thick- 
ness of  the  slab  is  uniform  and  is  equal  to  h. 

A  certain  quantity  which  is  a  measure  of  the  stiffness 
of  the  slab  relative  to  that  of  the  subgrade  occurs  re- 
peatedly in  the  analysis.  It  is  of  the  nature  of  a  linear 
dimension,  like,  for  example,  the  radius  of  gyration. 
It  will  be  called  the  radius  of  relative  stiffness.  Denoted 
by  I,  it  is  expressed  by  the  formula 


I- 


V 


Eh3 


l2(l-p2)Jc 


(1) 


where  E  is  the  modulus  of  elasticity  of  the  concrete, 
and  p,  is  Poisson's  ratio  of  lateral  expansion  to  longi- 
tudinal shortening.  The  stiffer  the  slab,  and  the  less 
stiff  the  subgrade,  the  greater  is  I.  One  may  observe 
that  I  remains  constant  when  E  and  Jc  are  multiplied 
by  the  same  ratio.  Table  1  contains  values  of  7  for 
three  different  values  of  Jc  and  for  different  thicknesses 
of  the  slab.  In  computing  this  table  as  well  as  the 
three  tables  following,  Poisson's  ratio,  p.,  was  assumed 
to  be  0.15.  This  value  agrees  satisfactorily  with  the 
results  of  tests  by  A.  N.  Johnson.4  The  values  of  I 
given  in  the  table  lie  between  16  and  55  inches,  and 
about  36  inches  may  be  considered  to  be  a  typical 
average. 

THREE  CASES  OF  LOADING  INVESTIGATED 

Figure  1  shows  three  cases  in  which  it  is  of  particulai 
inteiest  to  be  able  to  compute  the  critical  stresses.  In 
Case  I  a  wheel  load  acts  close  to  a  rectangular  corner 
of  a  large  panel  of  the  slab.  This  load  tends  to  produce 
a  corner  break.  The  critical  stress  is  a  tension  at  the 
top  of  the  slab.  The  resultant  pressure  is  assumed  to 
be  on  the  bisector  of  the  right  angle  of  the  corner  at 
the  small  distance  a  from  each  of  the  two  intersecting 
edges;  the  distance  from  the  corner,  accordingly  is 
al  =  a^2.  In  Case  II  the  wheel  load  is  at  a  consider- 
able distance  from  the  edges.  The  pressure  is  assumed 
to  be  distributed  uniformly  over  the  area  of  a  small 
circle  with  radius  a.  The  critical  tension  occurs  at 
the  bottom  of  the  slab  under  the  center  of  the  circle. 
In  Case  III  the  wheel  load  is  at  the  edge,  but  at  a  con- 
siderable distance  from  any  corner.  The  pressure  is 
assumed  to  be  distributed  uniformly  over  the  area  of 
a  small  semiciicle  with  the  center  at  the  edge  and  with 


•  "Direct  measurement  of  Poisson's  ratio  for  concrete,"  by  A.  N.  Johnson,  Am. 
Soc.  for  Testing  Materials.  Proc  ,  v.  24,  Part  IT,  1924,  p.  1024. 
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radius  a.  The  critical  stress  is  a  tension  at  the  bottom 
under  the  center  of  the  circle.  In  each  of  the  three 
cases  the  load  mentioned  is  assumed  for  the  time  being 
to  be  the  only  load  acting. 

Table  1. — Values  of  the  radius  of  relative  stiffness,  I,  for  different 
values  of  the  slab  thickness,  h,  and  of  the  modulus  of  subgrade 
reaction,  k,  computed  from  equation  (1) 

£=3,000,000  pounds  per  square  inch.    ^=0.15 


Thickness 

of  slab  in 

inches 

ft 

Radius  of  relative  stiffness,  I,  in  inches 

fc=501b./in.' 

fc  =  1001b./in.s 

fc=2001b./in.s 

4 
5 
6 
7 
8 
9 
10 
11 
12 

23.91 
28.28 
32.  40 
36.40 
40.23 
43.94 
47.55 
51.08 
54.52 

20.11 
23.78 
27.26 
30.60 
33.83 
36.95 
40.00 
42.94 
45.84 

16.92 
20.00 
22. 92 
25.73 
28.44 
31.07 
33.62 
36.11 
38.56 

For  Case  I  a  computation  which  may  be  looked  upon 
as  a  first  approximation  was  proposed  by  A.  T.  Gold- 
beck.  Further  emphasis  was  given  to  this  method  by 
Clifford  Older.5     The  load  is  treated  as  a  force  con- 
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Fig.  1.— Three  cases  of  loading.    The  corresponding  greatest  stresses  are  given 
in  Tables  2  to  4 

centrated  at  the  corner  itself — that  is,  one  assumes 
a  =  o,  =  0.  At  small  distances  from  the  corner  the 
influence  of  the  reactions  of  the  subgrade  upon  the 
stresses  will  be  small  compared  with  that  due  to  the 
load.  The  corner  portion  may  be  considered,  there- 
fore, to  act  as  a  cantilever  of  uniform  strength.  At 
the  distance  x,  measured  diagonally  from  the  corner 
along  the  bisector  of  the  right  angle  of  the  corner,  the 
bending  moment  is  —  Px.  This  bending  moment  may 
be  assumed  to  be  distributed  uniformly  over  the  cross 
section,  the  width  of  which  is  2x.  Thus  one  finds  the 
bending  moment  per  unit  of  width  of  cross  section  equal 

to  —  ^>  and  the  tensile  stress  at  the  top  equal  to 

-% Q) 

•  "Highway  research  in  Illinois,"  by  Clifford  Older,  Am.  Soc.  Civil  Engineers, 
Trans.,  v.  87,  1924,  p.  1180,  especially  p.  1206. 


Since  the  wheel  load  is  distributed  over  the  area  of 
contact  between  the  tire  and  the  pavement,  the  dis- 
tances a  and  at  can  not  be  zero.  The  greatest  stress 
occurs,  then,  at  some  distance  from  the  load.  Tins  dis- 
tance will  be  sufficiently  large  to  make  the  reactions  of 
the  subgrade  outside  the  critical  section  contribute  a 
noticeable  reduction  of  the  numerical  value  of  the  bend- 
ing moment. 

An  improved  approximation  has  been  obtained  in  the 
following  manner.  The  origin  of  the  horizontal  rec- 
tangular coordinates  x  and  y  is  taken  at  the  corner,  the 
axis  of  x  bisecting  the  right  angle  of  the  corner.  By 
use  of  Ritz's  method  of  successive  approximation,  which 
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Fig.  2.— Cones  of  equivalent  distribution  of  pressure 

is  based  on  the  principle  of  minimum  of  energy,6  the 
following  approximate  expression  was  found  for  the 
deflections  in  the  neighborhood  of  the  corner: 


:    TcT?\" 


U~i 


I 


0.88e 


_2xN 


(3) 


Then  the  reactions  of  the  subgrade  will  be  expressed 
with  sufficient  exactness  in  terms  of  this  function  as  Jcz. 
One  may  compute,  then,  the  total  bending  moment,  M' , 
in  the  section  x  =  x,  due  to  the  combined  influence  of  the 
applied  load  and  the  reactions  of  the  subgrade.  When 
Xj  is  not  too  large,  this  bending  moment  will  be  approxi- 
mately uniformly  distributed  over  the  width,  2xu  of  the 
cross  section.     That  is,  the  bending  moment  per  unit 

M' 
of  width  becomes  M=0—-     The  numerically  greatest 

•  W.  Ritz,  Crelle's  Journal,  v.  135, 1909,  p.  1. 
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value  of  M  was  found,  in  this  manner,  to  occur  approxi- 
mately at  the  distance 


x1  =  2^/a1l. 


(4) 


0.25/7    0.5/7   0.75/7 


Fig.  3. — Relation  between  the  true  radius,  a,  the  equivalent  radius,  b,  and  the 
thickness,  ft 


and  to  be,  approximately, 


-  (5) 
7/,2 


Division  by  the  section  modulus  per  unit  of  width,  -^ > 
leads  to  the  corresponding  greatest  tensile  stress 


"SD.-OT 


(6) 


This  stress  may  be  stated  also  in  the  following  form 
which  is  derived  by  substituting  the  value  of  I  from 
equation  (1) : 

-SD-UShTV] « 

With  ctj  =  0,  the  last  two  equations  assume  the  simpler 
form  of  equation  (2) . 

STRESS    NOT    GREATLY    AFFECTED    BY    SUBGRADE    CONDITION 

Table  2  contains  numerical  values  of  the  critical 
stress  ac  for  P=  10,000  pounds,  E  =  3,000,000  pounds 
per  square  inch,  and  ^  =  0.15.  The  table  shows  the 
influence  of  three  variables:  The  thickness,  h;  the 
modulus  of  subgrade  reaction,  1c;  and  the  distance,  a, 
from  the  edges  to  the  center  of  the  load. 

An  inspection  of  the  table  shows  the  influence  of 
the  variation  of  the  distance,  a,  to  be  appreciable, 
amounting  easily  to  a  reduction  of  more  than  30  per 
cent  as  compared  with  the  value  found  by  the  first 
approximation,  with  a  =  0.  The  influence  of  the 
variation  of  the  modulus,  fc,  from  50  to  200  lb./in.3,  on 
the  other  hand,  is  not  particularly  large. 

In  Case  II,  that  of  a  wheel  load  at  a  point  of  the 
interior,  complications  arise  due  to  the  fact  that  the 
load  is  concentrated  within  a  rather  small  area.  The 
theory  of  elasticity  offers  two  types  of  theory  of  slabs : 
One  that  may  be  called  the  "ordinary  theory  of  slabs," 
and  the  other,  the  "special  theory."  The  difference 
may  be  explained  by  an  analogy  with  beams.  In 
analysis  of  beams  it  is  assumed  ordinarily  that  a  plane 
cross  section  remains  plane  and  perpendicular  to  the 
neutral  surface  during  the  bending.  For  beams  of 
ordinary  proportions,  this  assumption  leads  to  satis- 
factory results,  unless  onens  concerned  with  the  local 
stresses  in  the  immediate  neighborhood  of  a  concen- 
trated load.  In  the  latter  case  the  assumption  of 
the  plane  cross  section  must  be  abandoned,  and  a 
special  theory,  which  takes  into  account  the  deforma- 
tions due  to  the  vertical  stresses,  is  required.  In  the 
ordinary  theory  of  slabs  it  is  assumed,  correspondingly, 


A. 


'.■  ■■■■  ■■■'■.■■  '     ■•■■'•■  v. ■■■.■■■..■■:■-■...■■  ,/■..■■■■  a/-v>- ,■:/■::■":■■■:/.:/:/,  ■■:,■  -.yy-^r:  ■  — \ .  \  :■  •  a/-:  :-\:-vv\/~ 

1      '  £HH,  0.22T. 


Fig.  4.— Deflections  produced  by  a  concentrated  load  which  acts  at  a  point  of  the  interior  at  a  considerable  distance 

from  the  edges 
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-Tangential  bending  moments,  Mi,  and  radial  bending  moments,  M„  produced  by  a  concentrated  load  which 
acts  at  a  point  of  the  interior  at  a  considerable  distance  from  the  edges 
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Fig.  6.— Deflections  produced  by  two  equal  loads  like  the  load  in  Figure  4,  separated  bv  a  distance  of  21.    The 
deflections  are  found  by  superposition  of  two  diagrams  of  the  kind  shown  in  Figure  4 
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Fig.  9.— Deflections  produced  by  a  concentrated  load  at  the  edge  at  a  considerable  distance  from  any  corner  for  ^=0 
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Fig.  10.— Bending  moments  along  the  edge  for  a  load  concentrated  at  a  point  of  the  edge  (top  diagram),  and  for  loads 
distributed  uniformly  over  lines  of  three  lengths  at  the  edge  (lower  three  diagrams);  m=0 
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Fig.  11.— Bending  moments  along  edge  as  in  Figure  10,  but  for  m=0.25 


that  a  straight  line  drawn  through  the  slab  perpendicu- 
lar to  the  slab  remains  straight  and  perpendicular  to 
the  neutral  surface. 

Table  2. — Stresses  in  pounds  per  square  inch  computed  from 
equation  (7)  for  load  condition  as  in  Case  I,  Figure  1,  for  differ- 
ent values  of  h,  k,  and  a 

P=10,000  pounds,  £=3,000,000  pounds  per  square  inch,  m=0.15 


Modulus 

Stress 

n  slab 

Thick- 
ness of 

of  sub- 
grade 

slab,  h 

reaction, 

a  =  0 

0  = 

a  = 

a  = 

k 

2  inches 

4  inches 

6  inches 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Inches 

Lb.jin* 

sq.  in. 

sq.  in. 

sq.  m. 

sq. !«. 

6 

50 

833 

641 

541 

461 

100 

833 

619 

509 

420 

200 

833 

596 

474 

375 

7 

50 

612 

480 

412 

357 

100 

612 

466 

390 

329 

200 

612 

450 

366 

298 

8 

50 

469 

373 

325 

285 

100 

469 

363 

309 

265 

200 

469 

352 

291 

242 

9 

50 

370 

299 

262 

233 

100 

370 

291 

250 

217 

200 

370 

282 

237 

201 

10 

50 

300 

245 

216 

193 

100 

300 

239 

207 

182 

200 

300 

232 

197 

169 

11 

50 

248 

204 

182 

164 

100 

248 

200 

175 

154 

200 

248 

194 

167 

144 

12 

50 

208 

173 

155 

140 

100 

208 

169 

149 

133 

200 

208 

165 

143 

124 

With  slabs  of  proportions  as  found  in  pavements,  the 
theory  based  on  these  assumptions  leads  to  a  satis- 
factory determination  of  stresses  at  all  points  except 
in  the  immediate  neighborhood  of  a  concentrated  load, 
and  leads  to  a  satisfactory  determination  of  the  deflec- 
tions at  all  points.  At  the  point  of  application  of  a 
concentrated  force  this  ordinary  theory  leads  to  a 
peak  in  the  diagrams  of  bending  moments,  with  in- 
finite values  at  the  point  of  the  load  itself  (as  indicated 
in  figs.  5,  10,  and  11).  When  the  force  is  applied  at 
the  top  of  the  slab,  the  tensile  stresses  at  the  bottom 
are  not,  in  fact,  infinite.  One  may  say  then  that  the 
effect  of  the  thickness  of  the  slab  is  equivalent  to  a 
rounding  off  of  the  peak  in  the  diagrams  of  moments. 
In  order  to  find  out  to  what  extent  the  diagrams  are 
rounded  off,  it  is  necessary  to  abandon  the  assumption 
of  the  straight  lines  drawn  through  the  slab  remaining 
straight,  as  applying  to  the  immediate  neighborhood 
of  the  load,  and  a  special  theory  is  required.  This 
special  theory  rests  on  only  two  assumptions:  One 
is  that  Hooke's  law  applies,  the  constants  being  the 
modulus  of  elasticity,  E,  and  Poisson's  ratio,  ju;  the 
other  is  that  the  material  keeps  its  geometrical  con- 
tinuity at  all  points.  As  in  the  case  of  beams,  the 
ordinary  theory  is  much  simpler  than  the  special 
theory,  and  is  used,  therefore,  except  in  particular 
cases  like  the  present  one,  which  deals  with  local  effects 
around  a  concentrated  load. 
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It  is  expedient  to  express  the  results  of  the  special 
theory  in  terms  of  the  ordinary  theory  in  the  following 
manner:  Let  the  load,  P,  be  distributed  uniformly 
over  the  area  of  the  small  circle  with  radius  a.  The 
tensile  stress  produced  by  this  load  at  the  bottom  of 
the  slab  under  the  center  of  the  circle  is  denoted  by 
o-j-.  This  stress  is  the  critical  stress  except  when 
""the  radius,  a,  is  so  small  that  some  of  the  vertical 
stresses  near  the  top  become  more  important;  the 
latter  exception  need  not  be  considered,  however,  in 
case  of  a  wheel  load  which  is  applied  through  a  rubber 
tire.  By  use  of  the  ordinary  theory  one  may  find  the 
same  stress  at  the  same  place  by  assuming  the  load  to 
be  distributed  over  the  area  of  a  circle  with  the  same 
center,  but  with  the  radius  b.  One  finds  that  this 
equivalent  radius,  b,  can  be  expressed  with  satisfactory 
approximation  in  terms  of  the  true  radius,  a,  and  the 
thickness,  ft,  only. 

In  order  to  find  the  relation  between  ft,  a,  and  b, 
numerical  computations  were  made  in  accordance 
with  an  analysis  which  is  due  to  A.  Nadai.7  The  center 
of  the  load  P  is  assumed  for  the  time  being  to  be  at 
the  center  of  a  circular  slab.  The  slab  is  supported  at 
the  edge  in  such  a  manner  that  the  sum  of  the  radial 
and  tangential  bending  moments  is  zero  at  every  point 
of  the  edge.  Computations  according  to  Nadai's 
analysis,  with  the  radius  of  the  slab  equal  to  5ft,  gave 
the  results  which  are  represented  in  Figure  2  in  the 
manner  of  "cones  of  equivalent  distribution"  and  in 
Figure  3  by  a  curve  with  coordinates  a  and  b.  Ap- 
proximately the  same  cones  and  the  same  curve  are 
obtained  for  other  radii  of  the  slab;  and  the  results 
may  be  applied  generally  to  slabs  of  proportions  such 
as  are  found  in  concrete  pavements,  with  any  kind  of 
support  which  is  not  concentrated  within  a  small 
area  close  to  the  load. 

One  may  notice  that  when  a  increases  gradually 
from  zero,  b  is  at  first  larger  than  a;  but  when  a  passes 
a  certain  limit,  b  becomes  smaller  than  a.     For  the 

larger  values  of  a,  the  ratio,  -  ,  converges  toward  unity, 

and  the  ordinary  theory  of  slabs,  accordingly,  gives 
nearly  the  same  results  as  the  special  theory. 

The  curve  in  Figure  3  is  found  to  lie  close  to  a  hyper- 
bola, the  equation  of  which  may  be  written  in  the 
following  form,  which  is  suitable  for  numerical  com- 
putations, and  which  may  be  used  for  values  of  a  less 
than  1.724ft: 

b  =  VI. 6a2 + ft2-  0.675ft (8) 

For  larger  values  of  a,  one  may  use  b  =  a,  that  is,  the 
ordinary  theory  may  be  used  without  corrections. 

By  tlie  ordinary  theory  one  finds  the  following  ap- 
proximate expression  for  the  critical  stress: 


3(1+/*)  P, 
27rft2 


(l0ge^  +0.6159) ...(9) 

With  #=  3,000,000  pounds  per  square  inch  and  n  = 
0.15,  and  with  I  substituted  from  equation  (1),  this 
formula  takes  the  form: 


0^  =  0.3162  p[log10  (ft3) -4  log10  a 

-logl0  7c  +  6.478] (10) 

7  A.  Nadai,  See  '"Die  Biegungsbeanspruehung  von  Platten  durch  EinzelkrSfte," 
Schweizerische  BauzeKung,  v.  76,  1920,  p.  257;  and  his  book,  "Die  elastischen 
Platten,"  (Berlin)  1925,  p.  308. 


The  correction  to  be  made  in  this  formula  in  order 
to  make  it  agree  with  the  special  theory  is  merely  to 
replace  the  true  radius,  a,  by  the  equivalent  radius,  b. 
Thus  one  finds  the  following  formula,  which  replaces 
equation  (10)  when  a  is  less  than  1.724ft: 


^•  =  0.3162  ^  [log10  (ft3)  -4  log10(Vl.6a2  +  ft2 

-  0.675ft)  -log107c  +  6.478]. (11) 

The  stresses  given  in  Table  3  have  been  computed  in 
accordance  with  this  formula  for  P=  10,000  pounds. 
Like  Table  2,  this  table  shows  the  influence  of  three 
variables:  the  thickness,  ft;  the  modulus  of  subgrade 
reaction,  7c,  and  a.  In  Table  3,  as  in  Table  2,  one  may 
notice  the  relatively  greater  influence  of  the  variation 
of  a  as  compared  with  the  influence  of  the  variation  of  7c. 

In  dealing  with  Case  III,  that  of  a  wheel  load  at  the 
edge,  it  was  assumed  that  an  equivalent  radius,  b,  may 
be  introduced  in  the  place  of  the  true  radius,  a,  in  the 
same  manner  as  in  the  preceding  case,  and  by  the  same 
formula,  that  of  equation  (8) .  This  assumption  may  be 
justified  on  the  ground  of  the  similarity  in  the  two  cases 
in  the  distribution  of  the  energy  due  to  vertical  shear- 
ing stresses.  By  introducing  the  equivalent  radius,  b, 
in  the  place  of  a  in  the  formula  for  'the  tensile  stress, 
<xe,  along  the  bottom  of  the  edge  under  the  center  of 
the  circle,  as  obtained  by  the  ordinary  theory,  one 
finds  the  following  expression  which,  like  the  analogous 
equation  (11),  is  based  on  £"=  3,000,000  pounds  per 
square  inch  and  ju  =  0.15: 


ae  =  0.572  £3  [log10  (ft3)  - 4  log10  ( Vl.6a2  +  ft2 
-  0.675  ft)  - logI0  7c  +  5.767] 


(12) 


Stresses  computed  according  to  this  formula  are 
given  in  Table  4,  again  for  P=  10,000  pounds.  The 
influence  of  the  three  variables,  ft,  7c,  and  a,  is  shown  in 
the  same  manner  as  in  the  two  preceding  tables,  and  is 
seen  to  be  of  the  same  nature,  the  variation  of  a  being 
of  greater  importance  than  that  of  7c. 


Table  3. — Stresses  in  pounds  per  square  inch  computed  from 
equation  (11)  for  load  condition  as  in  Case  II,  Figure  1,  for 
different  values  of  h,  k,  and  a 

P=10,000  pounds,  £=3,000,000  pounds  per  square  inch,  ^=0.15 


* 

Modulus 

Stress  in  slab 

Thickness 
of  slab  ft 

of  sub- 
grade  re- 

action fc 

o=0 

o=2  in. 

0=4  in. 

a=C  in. 

a=8  in. 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Inches 

Lb./in* 

sg.  in. 

sq.  in. 

sq  -n. 

sq.  in. 

sq.  in. 

4 

50 

1,231 

1,058 

848 

693 

588 

100 

1,172 

998 

788 

634 

528 

200 

1,112 

939 

729 

574 

469 

5 

50 

763 

694 

580 

487 

415 

100 

725 

656 

542 

449 

377 

200 

687 

617 

504 

411 

339 

6 

50 

523 

487 

421 

361 

313 

100 

497 

461 

395 

335 

287 

200 

470 

435 

368 

308 

260 

7 

50 

380 

360 

319 

279 

245 

100 

361 

341 

300 

260 

226 

200 

341 

321 

280 

240 

206 

8 

50 

288 

276 

250 

222 

197 

100 

273 

261 

235 

207 

182 

200 

258 

246 

220 

192 

167 

9 

50 

226 

218 

200 

180 

162 

100 

214 

206 

188 

169 

150 

200 

202 

194 

177 

157 

138 

10 

50 

181 

176 

164 

149 

136 

100 

172 

167 

154 

140 

126 

200 

162 

157 

145 

130 

116 
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Table  4.— Stresses  in   pounds   per  square  inch  computed  from    zontal   directions    at   the   point,   whereas   a,  is    a   one- 
^^1^i^nd^%^Mtn^mIII'F^rel'fardiffer'    directional  stress.     The  elongations  per  unit  of  length 

are  in  the  two  cases  °^~^  and  %•     It  appears  to  be 

reasonable,  therefore,  for  the  purpose  of  comparison, 
to  replace  <r,-  by  an  equivalent  one-directional  stress; 
if  in  this  case  the  elongation  is  a  direct  measure  of  the 
tendency  to  rupture,  this  equivalent  stress  should  be 

<7i=o-i  ( 1  —  M)  =  3 1 9  (1-0.15)  =271  lb.  per  sq.  in. 

The  three  values  262,  271,  and  276  pounds  per  square 
inch  point  toward  the  conclusion  that  the  assumed 
design  is  suitably  balanced. 

The  suggestion  has  been  made  already  that  one  may 
determine  suitable  values  of  1c  by  comparing  the  de- 
flections found  by  tests  of  full-sized  slabs  with  those 
given  by  the  formulas.  The  following  formulas  lend 
themselves  to  this  purpose;  they  refer  to  the  three 
cases  shown  in  Figure  1,  and  in  each  case  the  load  P 
is  the  only  one  acting: 

Case  I.  Equation  (3)  gives  the  deflection  at  the 
corner: 

zc  =  (l.l  -0.88  ^)£ (13) 

Case  II.  The  deflection  under  the  center  of  the  load 
differs  only  slightly  from  the  following  value  which  is 


P=  10,000  pounds,  £=3,000,000  pounds  per  square  inch,  « 

=0.15 

Modulus 

Stress  in  slab 

Thickness 
of  slab  h 

of  sub- 
grade  re- 

action k 

o=0 

o=2  in. 

a=4  in. 

a=6  in. 

a=8  in. 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Inches 

Lb./in.' 

sq.  in. 

sq.  in. 

sq.  in. 

sq.  in. 

sq.  in. 

6 

50 

833 

769 

649 

541 

453 

100 

785 

721 

601 

493 

406 

200 

738 

673 

553 

445 

358 

7 

50 

604 

568 

494 

422 

360 

100 

569 

533 

459 

386 

325 

200 

534 

498 

424 

351 

290 

8 

50 

457 

436 

388 

337 

293 

100 

430 

409 

361 

311 

266 

200 

404 

382 

334 

284 

239 

9 

50 

358 

344 

312 

276 

243 

100 

337 

323 

291 

255 

222 

200 

315 

301 

269 

233 

200 

10 

50 

287 

278 

256 

230 

204 

100 

270 

261 

239 

212 

187 

200 

253 

244 

221 

195 

170 

11 

50 

235 

229 

213 

194 

174 

100 

221 

215 

199 

180 

160 

200 

207 

201 

185 

165 

146 

12 

50 

196 

192 

180 

165 

150 

100 

184 

180 

168 

153 

138 

200 

172 

168 

156 

142 

126 

BALANCED  DESIGNS  TESTED  BY  USE  OF  TABLES 

From  the  three  tables,  for  Cases  I,  II,  and  III,  one 
may  obtain  suggestions  on  the  question  of  balanced 
design.  Consider,  for  example,  a  pavement  with  the 
thickness  of  7  inches  in  the  interior  portion,  and  9 
inches  at  the  edges.  It  may  be  assumed  for  the  time 
being  that  the  outer  portions  behave  as  a  large  slab 
with  uniform  thickness  of  9  inches.  With  the  thick- 
ness diminishing  slowly  toward  the  interior,  the  stresses 
ac  and  at  would  be  somewhat  larger  than  with  constant 
thickness  of  9  inches,  but  the  correction  needed  for  this 
reason  is  probably  only  small.  For  the  time  being 
only  the  one  wheel  load  which  is  considered  in  each  of 
the  three  tables  will  be  taken  into  account.  The 
influence  of  other  wheel  loads  acting  on  the  same  panel, 
but  at  some  distance,  will  be  considered  later;  in  any 
case  it  is  found  to  be  relatively  small.  With  P  =  10,000 
pounds,  fc  =  50  lb. /in.3,  and  a  =  4  inches,  the  three  tables 
give  the  following  values: 

(7C  =  262  lb.  per  sq.  in.,  o-(  =  319  lb.  per  sq.  in.,  o-t  =  312  lb. 
per  sq.  in. 

In  comparing  these  stresses,  their  different  charac- 
ters should  be  considered.  The  stress,  ac,  at  the  corner 
acts  presumably  throughout  the  width  of  a  whole  cross 
section,  whereas  o-j  and  ae  are  localized  within  smaller 
regions.  With  equal  tendency  to  rupture  at  the  three 
places,  <rc  then,  should  be,  probably,  somewhat  smaller 
than  cr,-  and  <re.  The  stress,  <xe,  is  produced  under  the 
influence  of  a  load  which  is  distributed  over  an  area 
only  one-half  of  that  assumed  for  o^.  Although  the 
situation  represented  by  the  smaller  area  may  occur 
when  a  wheel  moves  in  over  the  edge  of  the  pavement, 
it  is  reasonable,  for  the  purpose  of  a  comparative  study 
of  the  tendency  to  rupture,  to  assume  a  larger  radius 
of  the  semi-circle  at  the  edge  than  for  the  full  circle 
in  the  interior  portion.  With  a  =  6  inches,  for  example, 
at  the  edge,  one  finds  the  stress 

(re  =  276  lb.  per.  sq.  in. 

In  comparing  this  stress  with  <rt  it  should  be  observed 
that  <Tj-  represents  a  state  of  equal  stresses  in  all  hori- 

89924—26| 2 


accurate  when  a  =  0: 


_P_ 

Zi    8H2 ' 


(14) 


Case  III.  The  deflection  at  the  point  of  application 
of  a  concentrated  force  P  at  the  edge  is  approximately 
equal  to 


*-^(1+0.4m)| 


(15) 


that  is,  for  ju  =  0.15, 
ze  =  0.433  ~ 


(16) 


The  quantity  H2  occurring  in  each  of  these  formulas 
may  be  expressed,  according  to  equation  (1),  as 


kl 


-V 


Eh3k 
12(1 -/x2) 


(17) 


When  experimental  values  of  the  deflections  are  at 
hand,  one  may  determine  the  corresponding  values  of 
H2  by  means  of  equations  (13)  to  (16).  Then  equation 
(17)  gives  the  value  of  ~k  as 

,      12(1-m2)(H2)2  .     v 

fc- w  --   (18) 

Figures  4  to  11  are  diagrams  of  deflections  and  mo- 
ments. The  titles  of  these  figures  explain  the  nature 
of  the  diagrams.  The  deflections  and  bending  mo- 
ments have  been  computed  by  means  of  the  ordinary 
theory  of  slabs.  The  diagrams,  therefore,  give  infor- 
mation concerning  deflections  in  general,  and  concern- 
ing bending  moments  except  in  the  immediate  neigh- 
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borliood  of  the  concentrated  load  which  produces  the 
bending  moments. 

The  diagrams  in  Figure  4  and  Figure  5  have  been 
obtained  by  an  analysis  which  rests  essentially  on  that 
given  by  the  physicist  Hertz  8  in  1884. 

DETERMINATION    OF    DEFLECTIONS    DUE    TO    MORE    THAN    ONE 

WHEEL 

The  diagrams  in  Figures  4  and  5  may  be  used  in  the 
following  way  for  the  purpose  of  finding  the  resultant 
deflections  and  stresses  due  to  the  combined  influence 
of  two  or  four  wheel  loads,  each  acting  at  a  considerable 
distance  from  the  edges  of  the  slab. 

Let  each  load  be  10,000  pounds  and  let  the  horizontal 
rectangular  coordinates  of  the  centers  of  the  four  loads 
be  as  follows : 


Coordi- 
nate 

Load 
No.  1 

Load 
No.  2 

Load 
No.  3 

Load 
No.  4 

x  = 
V  = 

0 
0 

06  in. 
0 

0 
66  in. 

66  in. 
66  in. 

The  deflection  at  point  1  due  to  load  No.  4  alone  is, 
according  to  Figure  4 : 

z1>4  =  0.01620-^  =  0.0024  inch. 

By  superposition  of  the  four  deflections  due  to  each 
separate  load,  one  finds  the  resultant  deflection  due  to 
the  four  loads: 

2i,(i,2,3,4)  =  0.0331  inch. 

For  the  purpose  of  computing  the  state  of  stresses 
at  the  bottom  of  the  slab  under  the  center  of  load  No.  1 , 
it  will  be  assumed  that  load  No.  1  is  distributed  uni- 
formly over  the  area  of  a  circle  with  radius  a  =  6  inches. 
The  stresses  due  to  load  No.  1  will  be  the  same  in  all 
directions,  and  they  are,  according  to  Table  3: 


Loads  1  and  2  alone  may  represent  the  two  rear 
wheels  of  a  four-wheel  truck,  and  the  four  loads  com- 
bined may  represent  the  four  rear  wheels  of  a  six- 
wheel  truck. 

With  7i  =  7  inches,  £'=3,000,000  pounds  per  square 
inch,  ju  =  0.15,  and  fc  =  50  lb./in\,  one  finds  by  equations 
(1)  and  (17),  or  by  Table  1: 

1  =  36.40  inches;  Tel2  =  66,200  pounds  per  inch;  dis- 
ances  1-2  and  1-3:  66  in.  =  1.8137;  distance  1-4: 
66^/2  =  2.5647.  Then  equation  (14)  as  well  as  Figure  4 
gives  the  following  value  of  the  deflection  at  point  1 
due  to  Load  No.  1 : 


2  1.1  = 


8Tcl2 


10,000        nmon-     , 
:8  X  66,200  =  0.0189  inch. 


Furthermore,  Figure  4  leads  to  the  following  value  of 
the  deflection  at  point  1  due  to  load  No.  2  alone: 


^  =  0.03921=^  = 


0.03921  i0;0?^  =  0.0059  inch. 
66,200 


Then,  by  super  posit  ion  of  the  two  deflections,  one 
finds  the  deflection  at  point  1  due  to  the  combined 
influence  of  the  two  rear  wheels  1  and  2 : 

2i,(i,2)  =  2i,i  +  2i,2  =  0.0248  inch. 
The  deflection  at  point  1  due  to  load  No.  3  alone  is 


'1,3         "1,2 


0.0059  inch. 


<7\r  =  0",, 


279  pounds  per  square  inch. 


According  to  Figure  5,  load  No.  2  produces  a  radial 
bending  moment,  Mr,  in  this  case  in  the  direction  of  x, 
equal  to  Mx  =  —  0.021lP  =  —211  inch-pounds  per  inch 
(or  —211  pounds),  and  a  tangential  bending  moment 
Mt,  in  this  case  in  the  direction  of  y,  equal  to 

J4  =  0.0181P=181  pounds. 

The  corresponding  stresses  are  found  by  dividing  these 
bending  moments  by  the  section  modulus  per  unit  of 

width,  that  is,  by  a  7t2  =  8.167  in.2.     Thus  one  finds  the 

stresses  in  the  directions  of  x  and  y: 


211 


cx=  _"o_Te7=  ~26  pounds  per  square  inch 


and 


181 
Ty     8.167 f 


22  pounds  per  square  inch. 


8  H.  Hertz.  See  "ijber  das  Gleichgewicht  schwimmender  elastischer  Platten," 
Wiedemann's  Annalen  der  Physik  und  Chemie,  v.  22,  1884,  pp.  449-455;  also  in 
his  Gesammelte  Werke,  v.  1,  pp.  288-294.  Hertz  dealt  with  the  problem  of  a  large 
swimming  slab,  for  example,  of  ice,  loaded  by  a  single  force.  A.  Fbppl,  in  his  Tech- 
nische  Mechanik,  v.  5,  1907,  pp.  112-130,  presented  Hertz's  theory  in  a  modified, 
and  in  some  ways  simplified  form,  and  he  called  attention  to  the  applicability  of 
this  analysis  to  the  problem  of  the  slab  on  elastic  support.  Hertz  made  use  of  Bessel 
functions  in  his  analysis.  Since  his  analysis  was  published,  the  number  of  published 
numerical  tables  of  Bessel  functions  has  been  increased.  Among  the  newer  tables 
those  representing  Hankel's  Bessel  functions, 

BbWOVO  and  fli(»(zV»7i 

are  of  especial  interest  for  the  present  problem.  Tables  of  these  functions  may  be 
found  in  the  bcok  of  tables  by  E.  Jahnke  and  F.  Emde,  "  Funktionentafeln  mit 
Formeln  und  Kurven,"  1109,  pp.  139  and  140.  By  means  of  these  tables  the  numeri- 
cal values  given  in  Figures  4  and  5  were  obtained  by  simple  computations.  Since 
these  diagrams  were  prepared,  two  papers  have  appeared  in  which  the  same  functions 
are  used  for  the  purpose  of  analysis  of  slabs  on  elastic  support.  One  is  by  J.  J.  Koch, 
"Bcrekening  van  vlakke  platen,  ondersteund  in  de  hoekpunten  van  een  willekeurig 
rooster,"  De  Ingenieur,  1925,  No.  6;  the  other  is  by  Ferdinand  Schleicher,  "Uber 
Kreisplatten  auf  elastischer  Unterlage,"  Festschrift  zur  Hundertjahrfeier  der  Tech- 
nischen  Hochschule  Karlsruhe,  1925. 


These  stresses  arc  principal  stresses,  that  is,  one  is  the 
maximum,  the  other  the  minimum  stress,  and  there 
are  no  shearing  stresses  in  the  directions  of  x  and  y. 
For  the  case  of  the  four-wheel  truck,  one  finds,  then, 
by  superposition,  the  following  principal  stresses  due 
to  the  two  rear  wheels,  loads  No.  1  and  No.  2,  these 
principal  stresses  being  in  the  directions  of  x  and  y: 

ax  =  279  —  26  =  253  pounds  per  square  inch. 

o-„  =  279 +  22  =  301  pounds  per  square  inch. 

STRESSES  DUE  TO  SIX- WHEEL  TRUCK 

In  the  case  of  the  six-wheel  truck  the  effects  of  loads 
No.  3  and  No.  4  must  be  included.  Load  No.  3  con- 
tributes the  same  stresses  at  point  1  as  does  load  No.  2, 
only  the  indices  x  and  y  are  to  be  interchanged.  Con- 
sequently the  resultant  stresses  in  the  directions  of  x 
and  y  due  to  the  combined  influence  of  loads  1,  2,  and 
3  become 

<*x  =  °v  =  279  —  26  +  22  =  275  pounds  per  square  inch. 

These  stresses,  again,  are  principal  stresses.  Since 
they  are  equal,  the  horizontal  stresses  will  be  the  same 
in  all  directions,  each  stress  being  a  principal  stress. 
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Let  x',  y'  be  a  new  system  of  horizontal  rectangular 
coordinates  with  the 'axis  of  x'  along  the  diagonal  line 
from  point  1  to  point  4.  Load  No.  4  produces  a  radial 
bending  moment  in  the  direction  of  x'  and  a  tangential 
bending  moment  in  the  direction  of  y' .  According  to 
Figure  5  these  bending  moments  are 

J/X,=  -0.0186P=  -186  pounds  and  li^O.OOSSP 
=  58,  pounds  respectively.  The  corresponding  stresses 
are  found,  again,  by  dividing  the  bending  moments 
by  the  section  modulus  per  unit  of  width,  that  is,  by 
8.167  in.2,  and  they  are 

ax,  =  —  23  pounds  per  square  inch  and  av,  =  7  pounds  per 
square  inch. 

These  stresses  are  principal  stresses.  The  resultant 
principal  stresses  due  to  all  four  loads  combined, 
therefore,  are  in  the  directions  of  %'  and  y' ,  and  have  the 
values 

crx,  =  275  — 23  =  252  pounds  per  square  inch. 

ayl  =  275  +  7  =  282  pounds  per  square  inch. 

One  may  draw  the  conclusion  that  the  main  part  of 
the  state  of  stresses  at  a  given  point  is  due  to  a  wheel 
load  right  over  the  point.  In  the  case  examined,  the 
contribution  due  to  the  three  additional  rear  wheels 
of  the  six-wheel  truck  is  of  less  importance  than  that 
due  to  the  one  additional  rear  wheel  of  the  four-wheel 
truck. 

Figure  6  and  Figure  7  show  deflections  due  to  two 
wheel-loads  combined.  Each  of  these  diagrams  was 
obtained  by  superposition  of  two  diagrams  such  as 
shown  in  Figure  4. 

Figures  8  to  1 1  show  effects  of  loads  at  the  edge,  but 
at  a  considerable  distance  from  any  corner.9 

By  virtue  of  Maxwell's  theorem  of  reciprocal  deflec- 
tions, the  deflection  at  a  point  B  of  any  slab  due  to  a 
load  P  at  the  point  A  is  the  same  as  the  deflection  at 
A  due  to  a  load  P  at  point  B.  Figures  8  and  9  may 
be  interpreted,  therefore,  in  a  double  manner:  First, 
as  diagrams  of  deflections  at  any  point  B  due  to  a  load 
P  at  the  particular  point  A  at  the  edge;  secondly, 
as  influence  diagrams,  showing  the  deflection  at  the 
particular  point  A  at  the  edge  due  to  a  load  P  at  any 
point. 

From  this  reciprocity  of  deflections  one  may  draw  a 
further  conclusion  which  may  be  applied  to  Figures 
8  and  9,  and  which  concerns  the  curve  of  deflections, 
or  elastic  curve,  which  is  obtained  by  intersection  of 
the  deflected  middle  surface  by  a  vertical  plane.  Two 
lines  LA  and  LB  are  drawn  parallel  to  two  opposite 
parallel  edges  of  a  slab.  Two  equal  loads  are  con- 
sidered, one  acting  at  a  point  A  of  the  line  LA,  the 
other  acting  at  a  point  B  of  the  line  LB.  The  points 
A  and  B  are  assumed  to  be  sufficiently  far  from  the 
remaining  two  edges  of  the  slab  to  permit  the  assump- 

9  The  theory  by  which  these  diagrams  were  obtained  may  be  found  in  a  paper  by 
the  writer:  "Om  Beregning  af  Plader  paa  elastisk  Underlag  med  saerligt  Henblik 
paa  Sp0rgsmaalet  om  Spfendinger  i  Betonveje,"  Ingeni0ren  (Copenhagen),  v.  32, 
1923,  pp.  513-524.  See  also  "Die  elastischen  Flatten,"  by  A.  Nadai,  (Berlin)  1925, 
p.  186. 


tion  of  zero  deformations  at  these  edges.  Then  one 
may  conclude  that  the  elastic  curve  produced  along 
the  line  LB  under  the  influence  of  the  load  P  at  A  has 
exactly  the  same  shape  as  the  elastic  curve  produced 
along  the  line  LA  under  the  influence  of  the  load  P 
at  point  B.  In  applying  this  conclusion  to  Figure  8 
or  Figure  9,  let  the  line  LA  be  the  edge  shown  on  the 
drawing,  and  let  the  line  LB  be  at  some  distance  from 
the  edge.  By  the  direct  use  of  the  diagrams  one 
obtains  the  elastic  curve  at  any  line  LB  parallel  to  the 
edge,  due  to  a  load  at  the  edge.  But  one  may  interpret 
this  curve  as  the  elastic  curve  for  the  edge  produced 
under  the  influence  of  a  load  at  a  point  of  the  line  LB. 
The  curvature  of  the  deflected  middle  surface  at  point 
A  of  the  edge  in  the  direction  of  the  edge,  produced 
by  the  load  P  at  any  point  B  at  some  distance  from 
the  edge,  is  the  same,  accordingly,  as  the  curvature 
of  the  deflected  middle  surface  at  point  B  in  a  direction 
parallel  to  the  edge,  as  obtained  in  Figure  8  or  Figure 
9,  due  to  the  load  P  at  the  point  A  of  the  edge. 

Thus  Figures  8  and  9  may  be  used  in  studying  the 
stresses  produced  along  the  edge  by  a  wheel  load  at 
some  distance  from  the  edge. 

The  following  use  of  the  tables  and  diagrams  is 
suggested.  Let  it  be  assumed  that  a  certain  pave- 
ment has  been  proved  by  tests  and  experience  to  be 
satisfactory  for  a  given  type  of  traffic.  By  the  tables 
and  diagrams  one  may  compute,  then,  the  corre- 
sponding critical  stresses.  These  stresses  may  be 
adopted  for  the  time  being  as  allowable  working 
stresses.  With  the  stresses  given,  the  tables  and 
diagrams,  through  computations  of  the  kind  which 
has   been  shown,   furnish   answers   to   two   questions: 

(1)  What  additional  thicknesses  are  required  if  the 
wheel  pressures  are  increased  in  a  given  manner;  and, 

(2)  what  may  be  saved  in  the  thicknesses  by  eliminating 
some  of  the  heaviest  vehicles.  Prof.  T.  R.  Agg  has 
called  attention  to  the  importance  of  having  an  answer 
to  the  latter  question,  when  one  attempts  to  apportion 
the  cost  of  the  pavement  to  the  various  kinds  of 
traffic  for  which  it  is  used. 

In  using  the  tables  and  diagrams  it  should  be  kepi 
in  mind  that  the  analysis  is  based  on  the  assumptions 
which  were  stated  at  the  beginning  of  this  discussion. 
By  the  nature  of  these  assumptions  certain  influences 
were  left  out  of  consideration,  especially  the  following: 
(1)  Variations  of  temperature,  and  other  causes  for 
tendency  to  change  of  volume;  (2)  the  gradual  dimin- 
ishing of  the  thickness  from  the  edge  toward  the 
interior;  (3)  local  soft  or  hard  spots  in  the  subgrade; 
(4)  horizontal  components  of  the  reactions  of  the  sub- 
grade;  and  (5)  the  dynamic  effect,  expressed  in  terms 
of  the  inertia  of  the  pavement  and  subgrade.  The 
horizontal  components  of  the  reactions  of  the  sub- 
grade,  which  are  due  to  friction,  may  have  a  strength- 
ening influence,  especially  at  some  distance  from  the 
edges,  by  causing  a  dome  action  in  the  pavement. 
As  to  the  dynamic  effects,  with  known  values  of  the 
maximum  pressure  developed  between  the  tire  and  the 
pavement,  the  effect  of  the  inertia  of  the  pavement 
may  possibly  be  expressed  approximately  in  terms  of 
an  increased  value  of  the  modulus,  1c.  These  additional 
influences  are  suitable  subjects  for  further  analysis. 
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THE  Bureau  of  Public  Roads,  cooperating  with  the 
American  Vibrolithic  Corporation  has  recently 
completed  28-day  tests  on  concrete  slabs  con- 
structed 01  the  same  materials  in  accordance  with 
ordinary  methods  and  the  Vibrolithic  process  patented 
by  the  company. 

The  tests  were  made  for  the  purpose  of  obtaining 
data  on  the  relative  strength  of  specimens  equivalent 
in  every  particular  except  the  method  of  construction. 
To  that  end  every  effort  was  made  to  eliminate  all 
variables  except  the  methods  of  placing,  tamping,  and 
finishing,  and  to  have  all  operations  performed  under 
as  nearly  similar  working  conditions  as  possible. 

Although  it  is  recognized  that  the  ultimate  problem 
is  one  of  economy,  the  current  investigations  have  been 
confined  to  the  study  of  certain  physical  properties 
of  slabs  made  by  the  two  methods;  among  them,  the 
tensile  strength  as  determined  by  bending,  density, 
coefficients  of  expansion,  and  uniformity  of  the  product. 

The  program  of  tests  includes,  in  addition  to  those 
which  have  been  made  at  the  end  of  28  days,  others 
that  will  be  made  after  one  year;  and  the  formulation 
of  definite  conclusions  must  await  the  completion  of 
the  latter  tests.  There  are  certain  indications,  how- 
ever, which  may  be  noted  at  this  time  with  the  under- 
standing that  they  may  be  modified  by  the  data  ob- 
tained from  the  remaining  tests. 

Giving  due  consideration  to  all  features  of  the 
investigation,  such  as  the  workability  of  the  concrete 
and  the  method  of  finishing  the  normal  specimens  the 
following  tentative  conclusions  may  be  drawn  from  the 
bending  tests  at  the  age  of  28  days. 

1.  The   Vibrolithic   process   resulted   in    a   more 

uniform  product. 

2.  For  a  given  cement  content,  the  slabs  construc- 

ted by  the  Vibrolithic  method  exhibited 
greater  strength  than  the  normal  concrete. 

3.  The  strength  of  the  slabs  constructed  by  the 

Vibrolithic  process,  when  tested  with  tension 
in  the  bottom,  was  practically  the  same  as 
when  tested  with  tension  in  the  top. 

4.  The   strength  of   the   normal   concrete,   when 

tested  with  tension  in  the  bottom,  was  less 
than  when  tested  with  tension  in  the  top. 

DIMENSIONS  AND  CONSTRUCTION  OF  THE  TEST  SLABS 

The  36  by  72  inch  slabs  of  each  class  were  con- 
structed of  the  same  kinds  of  materials  under  condi- 
tions as  nearly  uniform  as  practicable.  Designed  to  be 
6  inches  in  depth,  the  individual  slabs  actually  varied 
slightly  from  this  dimension  as  indicated  in  Tables 
1  and  2. 

The  slabs  were  constructed  on  a  specially  prepared 
subgrade  which  was  sprinkled  and  rammed  thoroughly 
with  a  20-pound  tamper  the  day  before  placing  the 
concrete  and  sprinkled  again  the  morning  the  slabs 
were  poured.  The  2  by  6  inch  oiled,  dressed-lumber 
outside  forms  set  on  the  subgrade  thus  prepared  in- 
closed a  row  of  five  slabs  which  were  formed  by  2  by 
4  inch  separators,  the  beveled  upper  edges  of  which 
were  set  2}/§  inches  below  the  top  of  the  outside  forms, 
as  shown  in  Figure  1. 

The  cement  used  was  a  brand  of  known  reputation 
and  predetermined  satisfactory  quality.  All  cement 
36 


for  a  day's  run  was  thoroughly  mixed  and  resacked 
in  lots  of  47  pounds  each  and  one  of  these  sacks  was 
tested  each  day  in  the  laboratory  with  the  results 
shown  in  Table  3  and  Figure  12.  Other  physical 
properties  of  the  cement  were  as  follows: 

Specific  gravity 3.  10 

Fineness,  retained  on  200-mesh  sieve per  cent-.   15.  1 

Soundness O.  K. 

Time  of  set  (Gilmore  needle) : 

Initial 3  hrs.  25  min. 

Final 6  hrs.  55  min. 

Normal  consistency per  cent--  23.  0 

The  aggregates  used  in  all  slabs — Potomac  River  sand  and 
limestone  in  two  sizes  obtained  from  Frederick,  Md. — had  the 
following  grading  and  physical  properties. 


Fig.  1.— Forms  and  separators  in  place 
GRADING  AND  PHYSICAL  PROPERTIES  OF  THE  SAND 

Passing  J^-inch  screen per  cent..  91 

10-mesh  sieve do 76 

20-mesh  sieve do 65 

30-mesh  sieve do 47 

40-mesh  sieve do 35 

50-mesh  sieve do 20 

100-mesh  sieve do 7 

200-mesh  sieve do 4 

Loss  by  washing... do 2.  9 

Tensile  strength  ratio: 

7  days do 114 

28  days do 118 

Weight  per  cubic  foot,  dry pounds 105 

Organic  matter immaterial  coloration . 

Bulking  with  4  to  6  per  cent  moisture,  approximately  20  per 

cent. 

GRADING    AND    PHYSICAL    PROPERTIES    OF    THE    STONE 

Small  stone  Large  stone 
per  cent       per  cent 

98.6 

100.0 


Passing  2-inch  screen, 
lj^-inch  screen.. 

1-inch  screen 

%-inch  screen 


-inch  screen. 


84.4 
42.9 
12.3 
1.8 
1.  0. 


5^-inch  screen 

10-mesh  sieve 

Percentage  of  wear 

Hardness  coefficient 

Toughness 

Specific  gravity 

Absorption per  cent- 
Weight  per  cubic  foot,  solid pounds- 
Crushed  : 

Small  stone do 

Large  stone do 

Mixed  50-50 do-_. 


64.  7 
6.0 
1.2 
h  2 
0 

"~i~2~ 

17.5 

17 

2.70 
.  10 
168 

95 

98 

100 
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In  order  to  obtain  a  unit  volume  of  the  mixture  in 
equal  parts  of  large  and  small  stone  it  was  found  that 
12^2  per  cent  additional  volume  of  each  was  required; 
i.  e.,  a  mixture  of  1%  cubic  feet  of  each  size  yielded 
2  cubic  feet. 

To  compensate  for  the  bulking  of  the  sand  and  the 
oversize  material  in  it,  \\i  cubic  feet  of  damp  sand 
was  used  volumetrically  as  the  equivalent  of  1  cubic 
foot  of  dry  sand.  The  small  quantity  of  coarse  sand 
considered  as  of  gravel  size  did  not  affect  the  volume 
of  stone  in  the  proportions  used.  Figure  2  shows  the 
grading  curves  of  the  aggregates  used. 

One  bag  of  cement  weighing  94  pounds  was  assumed 
to  be  equal  to  1  cubic  foot;  and  cubic-foot  boxes, 
carefully  marked  in  quarters,  were  used  for  measuring 
the  sand  and  stone.  The  volumes  of  materials  actually 
used  in  each  batch  were  as  follows : 

NORMAL    CONCRETE 


order  named,  followed  by  sufficient  clear  Potomac 
Kiver  water  to  give  the  required  consistency.  The 
water  tank  was  equipped  with  a  gage  glass  calibrated 
to  quarters  of  gallons.  As  the  concrete  was  discharged 
from  the  mixer  a  flow  determination  was  made  on  a 
portion  of  each  batch,  and  as  nearly  as  possible,  the 
consistency  was  regulated  so  as  to  give  a  flow  of  110  to 
115  on  the  30-inch  flow  table.  As  a  further  check  on 
the  consistency  the  second  and  sixth  batches  of  every 
run  were  tested  for  slump  with  the  approved  slump 
cone,  the  requirement  being  a  slump  of  about  2  inches. 


Proportions 

1  :  VA  :  3 

1:2:3 

1  :  2  :  VA 

1:2:4 

Cement,  bags 

IV2 

iy2 

2V2 

*y2 

w2 

3M 

3 
3 

1 

Sand  (damp)      . .    _  _  cubic  feet 

Stone: 

Large : do 

Small         .        _          ..do  ._ 

2A 
2M 
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Cement,  bags 

Sand  (damp) cubic  feet.  _ 

Stone: 

Large do 

Small do__ 


Proportions 


l-.l'A-Z'A 


\y2 

3 
3 


\:1:VA 


VA 
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DIAMETER  OF  OPENING-INCHES 
Fio.  2. — Grading  of  aggregates  used  in  the  concrete 

The  10-cubic-foot,  drum-type  mixer,  driven  electri- 
cally at  the  rate  of  20  r.  p.  m.,  was  charged  with  the 
proper  quantities  of  stone,  sand,  and  cement  in  the 


Fio.  3.— Finishing  Vibrolithic  surface  with  steel  float  prior  to  belting 

The  concrete,  which  was  placed  in  the  forms  without 
regard  for  the  separators,  was  tamped  and  struck  off 
with  a  straight  2  by  12  inch  strike  board  worked  length- 
wise over  each  series  of  five  slabs,  and  the  desired  finish 
of  the  normal  concrete  was  obtained  by  belting  length- 
wise over  the  slabs  with  an  8-inch  rubber  belt. 

The  Vibrolithic  sections  were  similarly  placed  and 
struck  off,  after  which  they  were  covered  uniformly 
with  Frederick  limestone  of  2-inch  to  1-inch  size  at 
the  following  rates: 


Mix 

Pounds  per  square  yard 


1:1^:3^ 
50 


1:2:3^ 
50 


1:2:4 
45 


1:2:4** 
40 


On  this  stone  were  placed  special  racks  over  which 
the  vibrators  were  run,  according  to  the  patented 
process.  Approximately  four  minutes  of  vibration  was 
allowed  for  each  slab.  The  removal  of  the  racks  left 
an  irregular  mortar  surface  which  was  smoothed  down 
with  a  long-handled  steel  float  as  shown  in  Figure  3, 
after  which  the  surface  was  belted.  Dry  spots  were 
sprinkled  with  a  little  water  to  facilitate  finishing. 

All  slabs,  as  soon  as  their  hardness  would  permit, 
were  covered  with  wet  burlap  which  was  kept  damp 
during  the  day  and  thoroughly  wet  down  before  leav- 
ing at  night.  The  following  morning  it  was  removed 
and  replaced  with  a  covering  of  damp  earth.  The 
earth  was  kept  damp  by  daily  sprinkling  until  28  days 
had  elapsed,  at  which  time  the  top  surface  was  cleaned. 
After  the  removal  of  the  earth  the  slabs  were  kept 
damp  by  means  of  wet  burlap  until  time  for  testing. 
Slabs  to  be  tested  at  one  year  will  remain  uncovered 
10  months,  but  will  again  be  covered  with  damp  earth 
for  the  28  days  immediately  prior  to  testing. 
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Table  1. — Summary  of  data  of  tests  on  normal  concrete  slabs 


Slab 
No. 

Surface  in  tension 

Depth 

Section 
modu- 
lus, 
/ 
c 

Total 
load  at 
rupture 

Modulus  of  rupture 

Strength  ratio= 
tension  in  top 

Variation 

of 

Mix 

Indi- 
vidual 
slabs 

Averages 

tests  from 

average  of 

groups 

tension  in  bot- 
tom 

1:1J^:3                           

86 

88 

90 

97 

99 

87 

89 

96 

98 

100 

116 

118 

120 

167 

169 

117 

119 

166 

168 

170 

127 

129 

136 

138 

139 

126 

128 

130 

137 

140 

147 

149 

156 

158 

160 

146 

148 

150 

157 

159 

Top.. 

Inches 
6.1 
6.2 
6.3 
6.4 
6.5 
6.0 
6.2 
6.3 
6.4 
6.5 
6.1 
6.2 
6.1 
6.2 
6.2 
6.1 
6.0 
6.4 
6.2 
6.3 
6.3 
6.2 
6.5 
6.5 
6.7 
6.4 
6.3 
6.5 
6.5 
6.6 
6.0 
5.9 
6.1 
6.2 
6.6 
6.2 
5.9 
6.2 
6.3 
6.4 

227.2 
238.0 
241.3 
253.1 
260.7 
218.4 
233.6 
239.7 
248.3 
255.0 
227.2 
238.0 
227.2 
238.0 
238.0 
225.5 
218.4 
247.3 
233.6 
239.7 
245.  4 
238.0 
256.6 
260.7 
277.3 
247.3 
240.7 
255.0 
255.9 
262.1 
224.3 
216.4 
227.2 
238.0 
265.3 
232.2 
212.0 
232.2 
240.7 
248.3 

Pounds 
17,810 
18, 010 
15,610 
17,660 
16,010 
13,  960 
12,410 
15,510 

12,  560 
12,910 
14,460 

13,  660 
14,310 
15,210 
13, 160 
13,160 
10,  960 
16,680 

13,  220 

14,  080 
14,360 
14,840 
15,560 
16,  920 
14,910 

13,  760 
14,210 

14,  860 

13,  980 

15,  260 
11,360 
10,510 
14,340 
15,  000 

14,  460 
9,760 
8,920 
9,860 

12.  720 
11,860 

Pounds 
784 
757 
647 
698 
614 
1551 
532 
647 
506 
507 
636 
574 
630 
639 
653 
584 
'     502 
675 
566 
588 
585 
623 
607 
649 
538 
557 
590 
583 
546 
582 
507 
486 
631 
630 
545 
420 
421 
424 
529 
478 

Pounds 

1.275 
1.039 
1.047 
1.233 

Per  ten 
12.0 
8.2 

7.6 

.3 

12.2 

.4 

3.1 

17.8 

7.8 

7.7 

5.0 

5.3 

4.0 

5.5 

8.8 

.2 

13.9 

15.8 

2.9 

.9 

2.5 

3.7 

1.2 

8.1 

10.3 

2.8 

3.0 

1.7 

4.7 

1.6 

9.5 

13.2 

12.7 

12.5 

2.7 

7.5 

7.3 

6.6 

16.6 

5.3 

t 

do 

do.... 

■      700 
•      549 

624 

■  H   1 

do. 

do 

Bottom.. 

do 

do.... 

■  7,4 

...do 

....  do 

1:2:3    

Top 

do 

do 

•      606 

■  5.7 

do 

583 

595 

do... 

Bottom..  .....     _ 

do 

do 

•  6.7 

do... 

..  do.. 

1:2:3K     . 

Top.. 

do...     . 

do 

do... 

600 
573 

586 

■  5.2 

...    do- 

Bottom 

do 

do 

.  9  8 

do 

do 

12:4 

Top.. 

do 

do...    . 

560 

■      454 

507 

•10  1 

do 

do 

Bottom..  ..... 

do 

do _ 

do 

do- 

•  8.7 

1.149 

Top 

Bottom . 

7.5 
6.4 

1  Broke  I7l{  inches  from  end  support. 


Table  2. — Summary  of  data  of  tests  on  Vibrolithic  concrete  slabs 


Mix 


1:H£:3H- 


1:2:3}£. 


1:2:4. 


1:2:4^. 


Mean. 


Slab 
No. 


82 

84 

91 

93 

95 

81 

83 

85 

92 

94 

112 

114 

161 

163 

165 

111 

113 

115 

162 

164 

121 

123 

125 

132 

134 

122 

124 

131 

133 

135 

141 

143 

145 

152 

154 

142 

144 

151 

153 

155 


Surface  in  tension 


Top 

do 

do 

do 

do 

Bottom.., 

do 

do 

do 

do 

Top. 

do 

do 

do.... 

do 

Bottom . .  _ 

do-_-_ 

do 

do 

do__.. 

Top 

do 

do 

do 

do 

Bottom... 

do 

....do.... 

do.... 

....do 

Top.. 

....do.... 
....do.... 

....do 

....do 

Bottom... 

....do 

....do.... 

....do 

....do.... 


Depth 


Inches 
6.1 
6.2 
6.1 
6.2 
6.1 
6.1 
6.2 
6.1 
6.0 
6.1 
5.9 
6.1 
6.2 
6.  1 
6.2 
6.3 
6.2 
6.4 
6.4 
6.3 
6.4 
6.3 
6.5 
6.2 
6.1 
6.3 
6.2 
6.5 
6.3 
6.2 
6.3 
6.0 
6.1 
6.3 
6.3 
6.0 
6.2 
6.3 
6.3 
6.6 


Section 
modulus, 


2?  1.5 
238.0 
227.2 
238.0 
227.2 
224.  2 
233.  6 
224.2 
21S.4 
225.5 
216.4 
2A  1.5 
233.8 
231.5 
233.8 
239.7 
233.6 
247.3 
248.3 
240.7 
248.9 
245.4 
256.6 
238.0 
231.5 
240.7 
233.6 
255.0 
240.7 
232.2 
241.3 
224.3 
227.2 
245.4 
245.4 
218.4 
233.6 
239.7 
240.7 
262.1 


Total 
load  at 
rupture 


Pounds 

16,  536 
16, 286 
16,386 
16, 036 

17,  786 
16,  486 
17,086 
14,036 

15,  586 
15,686 

14,  336 

13,  986 

18,  106 

16,  586 

15,  566 

16,  886 

15,  136 
13, 336 

16,  636 
16,  986 
15,  006 

14,  286 
15, 136 
14, 236 
13, 126 
13, 026 
13,  586 
14,406 
14,866 
12,  726 
12, 986 

12,  646 
13, 986 

13,  086 

14,  960 
13,306 
11,586 

15,  586 
13,  566 
15,646 


Modulus  or  rupture 


Individ- 
ual slabs 


Pounds 
714 
684 
721 
674 
783 
736 
732 
626 
714 
696 
662 
604 
774 
717 
666 
705 
648 
539 
670 
706 
603 
.582 
590 
598 
567 
542 
582 
565 
617 
548 
638 
564 
615 
533 
610 
610 
496 
651 
563 
597 


Averages 


Pounds 
7151 


70S 


701 


685 


654, 


588 


571 


572 


583 


579 


578 


Strength  ratio 
=  tension  in  top 
tension  in  bot- 
tom 


1.020 


1.047 


1.030 


0.981 


1.020 


Variation  of 

individual 

tests  from 

average  of 

groups 


Per  cent 

0.11 

4.3 

0.9 

5.7 

9.6J 

5.0 

4.5 
12.1 

1.8 

0.7 

3.41 
11.8 
13.0 

4.7 

2.8 

7.8 

0.9 
17.6 

2.5 

8.0 

2.6 

1.0 

0.4 

1.7 

3.6 

5.1 

2.0 

1.1 

8.1 

4.0 

5.91 

1.4 

7.5 

6.8 

6.6 

4.7 
14.9 
11.7 

3.4 

2  4 


4.1 


4.8 


7.1 


7.4 


4.1 


5.6 


7.4 


/Top 4.7 

\Bottom..-5.9 
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THE  METHOD  OF  TESTING 


plate  elevated  so  that  the  knife  edges  would  swing  clear 
of  the  slab  until  in  position,  at  which  time  the  screw 
jack,  J,  was  used  to  lower  guide  post,  H,  to  which  the 
collar  was  fastened.  The  collar  was  lowered  until  the 
carrier  plate  was  entirely  free.  The  follower  head,  L, 
carried  by  the  plate,  M,  was  then  swung  about  guide 
post,  H,  and  brought  into  contact  with  the  top  of  the 
machine  by  means  of  hand  screw,  N.  The  initial  load 
was  then  put  on  the  slab  by  means  of  the  jack  handle 


When  the  slabs  were  ready  to  be  tested  they  were 
lifted  from  the  subgrade  by  means  of  a  cradle  of  the 
special  design  shown  in  Figure  4.  As,  in  nearly  every 
case,  cracks  had  formed  over  the  separators  there  was 
no  difficulty  in  raising  the  individual  slabs;  but  in 
most  instances  a  large  amount  of  subgrade  came  up 
with  the  slabs  and  had  to  be  removed. 

Half  of  the  slabs  were  tested  with  tension  in  the  top 
surface,  the  others  with  tension  in  the  bottom,  the 
former  condition  being  effected  by  inverting  the  slab 
in  the  testing  machine.  In  order  to  obtain  a  solid 
hearing  for  the  knife  edges  on  the  under  surface  of  the 
slabs,  flat  steel  strips  134  inches  wide  and  three-six- 
teenths inch  thick  were  set  in  plaster  of  Paris  in  the 
proper  position.  These  strips  were  not  needed  on  the 
finished  surface,  as  the  rubber  pads  on  the  knife  edges, 
shown  in  Figures  5  and  6,  took  up  the  slight  irregulari- 
ties which,  in  general,  were  merely  the  marks  of  the 
float  or  belt  and  were  not  more  than  one-sixteenth  inch 
deep. 

Referring  to  Figure  7,  which  shows  the  elevation  of 
the  testing  machine,  the  method  of  testing  may  be 
described  as  follows:  The  slab,  A,  was  carefully  cen- 
tered on  the  lower  knife  edge,  B,  and  the  rocking  knife 

Fig.  5. — Lower  knife  edge  showing  rocker  pin  and  rubber  pad 

of  hydraulic  jack,  E,  after  which  the  load  was  con- 
tinuously and  steadily  applied  by  means  of  the  small 
auxiliary  pump,  F.  The  calibrated  beams,  Figure  8, 
were  arranged  to  deflect  as  simple  beams  as  the  load 
was  applied.  The  dial,  read  initially  before  the  load 
was  applied,  was  watched  carefully  by  at  least  two 
observers  so  as  to  catch  the  maximum  dial  reading, 
and  a  calibration  chart  was  used  for  converting  the 
difference  in  dial  readings  to  total  applied  load  in 
pounds. 

The  broken  sections  were  removed  and  stacked  with 
their  broken  faces  outward,  as  shown  in  Figures  10  and 
1 1,  and  their  cross  sections  were  then  measured  by  two 
operators  each  of  whom  made  four  depth  measure- 
ments on  each  slab. 

COMPUTATION  OF  MODULUS  OF  RUPTURE 

The  weight  of  the  slab  itself,  the  weight  of  the  upper 
knife  edges  and  loading  device,  and  the  pressure  applied 
by  the  jack  comprised  the  total  load.  The  uniformly 
distributed  weight  of  the  slab  was  converted  into  a 
concentrated  load  which  could  be  added  to  the  weight 
on  the  knife  edges.  Thus,  the  weight  of  the  1:2J^:3 
normal  concrete  slabs,  152  pounds  per  cubic  foot,  was 
found  to  be  equivalent  to  two  loads  of  410  pounds  each 
concentrated  at  the  knife  edges;  and  the  1:13^:3^ 
vibrolithic  slabs  which  weighed  157  pounds  per  cubic 
foot  were  equivalent  to  two  concentrated  loads  of 
424  pounds.  The  dead  load  of  the  knife  edges,  jack, 
etc.,  was  found  to  be  640  pounds,  or  at  each  knife  edge, 
320  pounds. 

From  an  initial  load  computed  in  this  manner  the 
pressure  on  the  slabs  was  gradually  increased  by 
mounted  with  The'livdraufic  jack^X*  and  th°e  cali-  means  of  the  hydraulic  jack,  E  (fig.  7),  until  rupture 
brated  head,  K,  on  the  carrier  plate,  G,  was  swung  into  occurred,  at  which  t  ime  the  pressure  indicated  by  the 
position  over  the  slab  so  that  loading  was  at  the  third  calibrated  beams  added  to  the  initial  dead  load  con- 
points  of  the  slab.     The  collar,    /,  kept  the  carrier   stituted  the  total  load,  P. 


4.— Lifting  slab  from  subgrade 


edge,  C  (see  also  fig.  5).     The  upper  knife  edges,  D, 
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The  extreme  fiber  tensile  stress,  S,  was  then  com- 
puted from  the  formula 


S=Mt 


W 

— >  would  be  recorded  as  1.00 

c 


In  computing  the  re- 
lation the  quantity  of  moisture  contained  in  the  sand, 
as    found    by    a    daily   moisture    determination,    was 


in  which  the  bending  mo- 
ment for  the  60-inch  span 
with  third-point  loading  is 


M=^X20 


10P. 


The 


section    modulus,   -» 


Fig.  6. — Arrangement   of  loading 
knife  edges 


computed  from  the  measure- 
ments of  the  broken  sections, 
was  found  to  be  different  in 
almost  every  specimen,  prin- 
cipally because  of  variations 
in  the  thickness  of  the  slabs 
and  in  the  location  and  num- 
ber of  the  separator  projec- 
tions on  the  edges.  The  projections,  or  sections  of  the 
slabs  formed  over  the  intermediate  separating  forms, 
were  trapezoidal  in  cross  section,  approximately  seven 
eighths  inch  in  width  and  from  2}/%  to  3  inches  in  depth. 
The  thicknesses  of  the  several  slabs,  their  section 
moduli,  the  total  loads  at  rupture,  and  the  computed 
moduli  of  rupture  are  shown  for  the  two  classes  of 
concrete  in  Tables  1  and  2,  respectively.  The  moduli 
of  rupture  are  shown  also  in  Figure  12  and  Table  3, 
with  other  factors  indicative  of  the  characteristics  of 
the  concrete. 

These  other  factors  include  the  tensile  strength  of 
1 : 3  mortar  briquettes  made  of  the  cement  used  in  the 
slabs  and  Ottawa  sand;  the  modulus  of  rupture  of  1.2 
Ottawa  sand  mortar  beams;  the  consistency  of  the 
concrete  as  indicated  by  its  flow;  the  water-cement 
ratio;  and  the  ratio  of  the  cement  to  aggregate  by 
weight  for  each  of  the  slabs. 

The  water-cement  ratio  is  a  volumetric  relation  and 
assumes  1  bag  of  cement  to  equal  1  cubic  foot.  Thus, 
if  a  batch  of  concrete  were  mixed  with  7 ^  gallons  of 
water  for  each  bag  of  cement,  the  water-cement  ratio, 


n~n 


Section 


^^ 


ttlr 


S" 


Elevation 

Fig.  8. — Calibrated  beams  used  to  measure  the  load 

added  to  the  volume  of  water  introduced  in  mixing  to 
obtain  the  total  value  of  W. 

The  cement-aggregate  ratio  is  based  on  the  nominal 
mix  for  both  Vibrolithic  and  normal  concrete.     The 
stone  of  the  Vibrolithic  concrete  is  not  included 


Fig.  7. — Apparatus  for  testing  the  slabs 


April,  1926 


PUBLIC   ROADS 


41 


with  the  aggregate  in  computing  the  relation.  Using 
the  weights  per  cubic  foot  of  the  sand  and  stone  as 
determined  by  tests,  the  volumetric  proportions  were 
readily  converted  to  weights;  and  the  weight  of  cement 
divided  by  the  total  weight  of  sand  and  stone  gives 
the  ratio. 

CEMENT-AGGREGATE  AND  WATER-CEMENT  RATIOS  AS  STRENGTH 

INDICES 

Past  experience  naturally  leads  to  the  expectation 
that  the  strength  of  concrete  will  follow,  in  general,  the 
cement  content.  Table  3  and  Figures  9  and  12  show 
that  the  expected  relationship  obtained  in  these  tests, 
the  cement  content  being  expressed  as  the  ratio  of 
cement  to  total  aggregate  in  the  mix. 

The  water-cement  theory  is  also  seen  to  agree  with 
the  strengths  of  the  slabs.  The  leaner  mixes  were 
gauged  with  higher  water-cement  ratios  and  conse- 
quently gave  lower  strength.  It  is  seen,  however,  that 
there  is  practically  no  difference  between  the  average 
strength  of  the  1:2:3  and  the  1:2:33^  normal  concrete, 
although  the  other  data  do  not  show  the  reason  for  this. 

Similarly,  there  is  no  difference  between  the  average 

strength  of  the  1:2:4  and  the  1:2:43^  Vibrolithic  con- 

W  . 
crete.     In  this  case,  however,  the  --  is  the  same  for 

c 

each  of  these  proportions.  This  probably  accounts,  in 
part  at  least,  for  the  uniformity  in  strength.  It  is 
also  interesting  to  note  in  this  connection  that  the 
quality  of  the  cement,  as  indicated  by  the  tension 
tests  of  mortar,  was  lower  for  that  used  in  the  1:2:4  mix 
than  in  the  1:2:43^  mix,  whereas  the  quality  as  indi- 
cated by  the  cross-bending  test  of  1 : 2  Ottawa  sand 
mortar  beams  is  the  reverse.  It  is  probable  that  a 
more  thorough  examination  of  the  slabs  as  called  for 
by  the  program  of  tests  will  furnish  information  that 
will  explain  some  of  these  deviations. 

The  relation  between  the  quantity  of  cement  used 
and  the  strength  obtained  is  shown  in  Figure  9.  For 
equivalent  quantities  of  cement  the  strength  of  the 
Vibrolithic  concrete  is  higher  than  the  normal  concrete. 
The  difference  amounts  to  about  16  per  cent  for 
1:2:3  and  1:13^:3L£  concrete,  and  about  21  per  cent 
for  1:2:4  concrete  based  on  the  strength  of  the  normal 
concrete. 

Considering  the  two  processes  from  the  standpoint 
of  the  cement  required  to  give  equal  strength,  a  com- 
parison at  600  pounds  per  square  inch  modulus  of 
rupture  shows  that  roughly,  19  per  cent  additional 
cement  is  required  in  normal  concrete;  or,  in  other 
words,  only  84  per  cent  of  the  cement  required  for 
normal  concrete  is  necessary  for  equal  strength  in 
Vibrolithic  work.  At  higher  strengths  the  curves  (fig. 
9)  indicate  slightly  greater  advantages  for  the  Vibro- 
lithic, and  at  lower  strengths  less  advantage  insofar  as 
saving  in  cement  is  concerned. 


TOP    AND    BOTTOM    STRENGTH    OF   VIBROLITHIC   SLABS    NEARLY 

EQUAL 


Due  to  difference  in  density  and, 
variables  as  yet  undetermined,  the 
when  the  bottom  of  the  slab  was 
most  cases,  lower  than  when  the 
tension.  The  average  amount  of 
shown  graphically  in  Figure  12,  the 
the  strength  with  the  top  in  tension 
the  strength  with  the  bottom  in 
also  shown  in  Tables  1  and  2. 


possibly,  to  other 

strength  obtained 

in  tension  was,  in 

top  was   tested  in 

this  difference  is 

shaded  bars  giving 

and  the  solid  bars 

tension.     This   is 


o 
o 

5 
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x  / 

X 

o 

o 
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■son 

X  = 
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?0 


RATIO  OF  CEMENT  TO  AGGREGATE  -  BY  WEIGHT 


22 


Fig.  9. — Relation  of  modulus  of  rupture  of  normal  and  Vibrolithic  concrete  to 
cement-aggregate  ratio 

It  has  been  suggested  that,  as  a  result  of  excessive 
tamping  and  finishing,  the  strength  of  the  upper  sur- 
face of  a  concrete  road  might  be  increased  beyond  that 
of  the  bottom.  These  tests  do  not  substantiate  this 
theory.  There  is  no  doubt  that  the  Vibrolithic  method 
is  the  more  vigorous  finishing  treatment;  nevertheless, 
insofar  as  the  uniformity  of  strength  in  top  and  bottom 
of  the  slab  is  concerned,  the  Vibrolithic  is  more  remark- 
able than  the  normal  concrete.  Expressed  numerically, 
the  average  resistance  to  tension  in  the  bottom  of 
normal  concrete  slabs  is  87.7  per  cent  of  that  in  the  top, 
and  for  Vibrolithic  it  is  98.0  per  cent. 


Table  3. — Results  of  tests  of  slabs,  aggregate,  and  cement 


Finish. 


Mix. 


Slab  numbers,  inclusive . 


Modulus  of  rupture  concrete: 

Tension  in  top 

Tension  in  bottom 

Ratio  of  cement  to  aggregate  by  weight. 

Water-cement  ratio 

Consistency  flow  table. 

Modulus  of  rupture  1 : 2  mortar 

Tensile  strength  1:3  mortar  briquettes.. 


Normal  concrete 


1:1^:3 


86  to 
90 


96  to 
100 


729        656 
542        553 

0.205 


1:2:3 


116  to 
120 


166  to 
170 


613         596 

543         610 

0.184 


0.67 
112 
775 
385 


0.73 
112 
811 
335 


0.78 
114 
815 
355 


0.77 
112 
707 
355 


1 :  2  :  3H 


126  to 
130 


136  to 
140 


604         598 

577         564 

0.168 


0.88 
111 
775 
345 


0.89 
112 
748 
380 


1:2:4 


146  to 
150 


156  to 
160 


496         602 

422         503 

0.154 


0.86 
109 
655 
385 


0.86 
108 
753 
395 


Vibrolithic  concrete 


1 :  V-A  :  V/2 


81  to 
85 


91  to 
95 


726; 
705 
0.185 
0.69  I    0.75 


110 
775 
385 


113 
811 
335 


1 :  2  :  VA 


111  to 
115 


161  to 
165 


633 
631 

0.168 

0.80 

110 

815 

355 


719 


0.80 
109 
707 
355 


1:2:4 


121  to 
125 


131  to 
135 


592         582 

562        577 

0.154 


0.91 
107 
775 
345 


0.91 
107 
748 
380 


1 :  2  :  4M 


141  to 
145 


151  to 
155 


572  571 

553  604 

0.143 


0.91 
114 
655 
385 


0.90 
112 
753 
395 


42 


PUBLIC   ROADS 


Vol.  7,  No.  2 


\\\ii    r 


\w  Kmvwi 


1:2:  3J2  mix 


1:2  :  3,'  2  mi* 


III//      P 


*   I    111    V 


1:2:4  mix 


1:2:4  mix 


LA  HJLJ, 


1:2: 4V2  mix  1:2:4}^  mix 

Fig.  10. — Vibrolithic  concrete  slabs  of  various  mixes  showing  cross  sections  at  point  of  failure  in  test 
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1    1'      3  mix 


1: 1H  :  3  mix 


:S»r 


l:2:3J-£mix 


1:2:  3H  mix 


1:2:4  mix 


1:2:4  mix 


Fig.  11.— Normal  concrete  slabs  of  various  mixes  showing  cross  sections  at  point  of  failure  in  test 
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Fig.  12.— Results  of  tests  of  normal  and  Vibrolithic  concrete  and  mortar  briquettes  and  beams 
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Another  important  consideration  not  to  be  over- 
looked is  that  of  uniformity  of  the  product.  It  may  be 
seen  in  the  last  column  of  Tables  1  and  2  that  the 
average  variation  of  the  individual  specimens  from 
the  average  for  the  five  specimens  of  the  group  is  a 
little  less  in  the  case  of  the  Vibrolithic  than  in  the 
normal  concrete.  The  average  of  all  of  these  varia- 
tions for  Vibrolithic  specimens  is  5.3  per  cent,  and  for 
the  normal  concrete  specimens  6.8  per  cent. 

The  photographs,  shown  in"  Figures  10  and  11,  furnish 
an  explanation  of  some  of  the  apparent  abnormalities 
in  the  results  given  in  Tables  1  and  2.  It  is  reasonable 
to  suppose  that,  other,  things  being  equal,  the  slab  with 
the  minimum  void  spaces  will  give  greatest  strength; 
also,  that  the  closer  voids  are  to  the  outer  surfaces, 
the  more  serious  will  be  the  effect  on  the  strength. 
The  distribution  of  void  spaces  in  the  specimens  under 
consideration  may  be  seen  by  a  careful  inspection 
of  the  photographs. 

The  1:13^:33^  Vibrolithic  specimens,  Figure  10, 
show  very  few  voids.  Slab  94,  which  contains  more 
than  any  other  of  this  mix  and  type,  shows  one  group 
of  voids  near  the  bottom  and  another  a  little  below 
the  center;  but  their  effect  is  apparently  negligible. 

The  1:2: 3^  specimens  of  Vibrolithic  concrete  are 
also  quite  dense  except  for  a  thin  layer  of  voids  occur- 
ring in  slab  162  about  one  inch  from  the  bottom,  which 
seems  to  have  had  no  serious  effect  on  the  strength. 

The  specimens  of  1:2:4  Vibrolithic  concrete  exhibit 
a  greater  percentage  of  air  pockets  due,  no  doubt,  to 
the  leaner  mix.  It  is  interesting  to  observe  the  posi- 
tion of  the  voids  in  slabs  124,  131,  135,  and  especially 
in  121  and  122,  where  they  are  quite  close  to  the  neutral 
axis. 

The  1 :  2:  4j/£  mix  of  the  Vibrolithic  series  apparently 
incloses  a  still  greater  number  of  voids,  particularly  in 
slabs  142,  143,  144,  151,  153,  and  155.  In  142  and  143 
they  are  principally  in  the  compression  side  as  tested 
and  probably  have  little  effect  except  as  they  tend  to 
lower  the  neutral  axis  and  thus  shorten  the  distance  to 
the  extreme  fiber.  In  slab  144  a  bad  condition  exists 
near  the  bottom,  which  is  reflected  in  the  unusually 
low  strength  obtained.  The  same  is  also  true  of  slab 
153.  Slab  155  shows  considerable  void  space,  at  an 
average  distance  of  about  l}4  inches  from  the  bottom. 

The  richest  mix  in  the  normal  concrete  slabs,  shown 
in  Figure  11,  is  1:  l^:  3.  The  most  noticeable  voids 
in  slabs  of  this  mix  occur  in  Nos.  87,  88,  89,  97,  98,  and 
100.  Of  these  slabs,  88  and  97  were  effected  only  in 
the  compression  side,  but  the  other  specimens  men- 
tioned are  penetrated  varying  distances  up  to  2^ 
inches  in  the  tension  side.  These  conditions,  no 
doubt,  explain  some  of  the  unusually  low  strengths 
obtained  in  this  group. 

The  next  leaner  mix,  1:2:3,  also  shows  many  voids 
extending  from  the  bottom  well  into  the  slab.  Slabs 
116,  120,  168,  and  170  are  badly  honeycombed  in  the 


tension  side,  and  in  117  and  119  the  voids  extend  so 
deeply  into  the  compression  side  as  to  cause  a  decrease 
in  effective  depth  and  consequent  decreased  strength 
whej  based  on  the  slab  thickness  as  measured. 

In  the  1:2:  3^  mix  of  normal  concrete,  slabs  126, 
130,  137,  and  140  are  most  notable  for  their  honey- 
combing, although  every  slab  of  this  group  includes  an 
appreciable  quantity  of  voids.  The  1:2:4  normal 
concrete  is  in  particularly  poor  condition  due,  very 
likely,  to  the  leanness  and  dryness  of  the  mix.  The 
consistency  as  measured  by  the  flow  table  was  no  less 
workable,  however,  than  much  of  the  concrete  used  in 
present-day  construction  of  first-class  concrete  pave- 
ment on  which  a  machine  finishing  is  used. 

EFFECT  OF  FINISHING  METHODS  OF  NORMAL  SLABS 

Special  consideration  should  be  given  the  method  of 
constructing  the  normal  concrete  slabs  for  this  investi- 
gation, as  it  is  plainly  upon  this  factor' that  the  value 
of  these  tests  depends. 

The  concrete  for  the  normal  specimens  was  dumped 
into  the  forms,  shoveled  into  place,  and  spaded  along 
the  edges  of  the  forms.  The  specimens  were  tamped 
across  once  with  the  2  by  12  inch  strike  board,  alter 
which  the  surface  was  struck  off  and  belted  to  a  finish. 

As  the  consistency  was  held  to  the  same  value  used 
for  the  Vibrolithic  specimens,  it  was  more  nearly  that 
which  should  be  used  for  machine  finishing,  and  the 
hand  finishing  described  was  not  adequate.  This  was 
not  apparent  until  the  specimens  were  turned  over  at 
the  time  of  testing,  but  the  result  was  an  unfortunate 
amount  of  honeycombing  and  consequent  variation  in 
the  test  results. 

It  is  believed  that,  if  the  concrete  in  the  normal  speci- 
mens had  been  more  thoroughly  compacted  as  would  be 
the  case  in  machine  finishing,  less  variation  in  strength 
would  have  resulted  and  generally  higher  values  would 
have  been  obtained.  This  is  indicated  by  the  fact  that 
those  specimens  where  the  lack  of  compaction  was  most 
apparent  showed  noticeably  lower  resistance  to  cross- 
bending. 

An  interesting  general  observation  regarding  the  loca- 
tion of  the  void  spaces  in  the  specimens  thus  far  tested 
is  to  be  made  from  an  inspection  of  the  photographs 
and  much  better,  of  course,  by  a  study  of  the  actual 
specimens.  Through  the  action  of  the  vibrator  on  the 
surface  of  the  concrete  in  the  Vibrolithic  process, 
mortar  is  apparently  worked  down  to  the  subgrade, 
thus  leaving  the  air  spaces  at  some  distance  from  the 
bottom  of  the  slab.  When  the  ordinary  methods  of 
finishing  are  used  the  voids  which  occur  at  the  bottom 
while  the  concrete  is  being  deposited  remain  unfilled, 
as  a  result  of  the  arch  action  of  the  coarse  aggre- 
gate. Advantages  of  concrete  made  by  the  Vibrolithic 
method,  as  brought  out  in  this  report,  may  be  traced 
in  many  instances  to  the  more  favorable  location  of 
voids. 


TEMPERATURE  AS  A  FACTOR  IN  THE  STABILITY  OF 

ASPHALTIC  PAVEMENTS 
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CERTAIN  asphaltic  paving  mixtures,  notably  those 
containing  excessively  high  percentages  of  bitu- 
men for  the  accompanying  aggregates,  are 
susceptible  to  displacement  under  traffic.  Such  weak- 
ness is  generally  manifested  during  the  warmer  seasons 
of  the  year  when  the  bitumen,  present  in  space-filling 
volumes  of  considerable  magnitude,  absorbs  sufficient 
radiant  energy  from  the  sun  to  render  it  fluid.     The 


Fig.  1. — General  view  of  experimental  track  surfaced  with  asphaltic  pavements 
showing  central  temperature  measurement  station  and  thermo-couple  wires 

pavement  then  exists  as  a  structure  composed  of  a  more 
or  less  independently  stable  aggregate  and  a  viscous 
fluid  of  low  binding  power.  When,  under  these  condi- 
tions, the  pavement  is  subjected  to  traffic  of  sufficient 
magnitude  the  resisting  power  of  the  plastic  mass  is 
soon  overcome  and  the  development  of  ruts  and  waves 
occurs. 

During  the  past  three  years  the  Bureau  of  Public 
Roads  has  conducted  a  series  of  tests  to  measure  the 
internal  temperatures  of  asphaltic  pavements  and  to 
determine  in  a  general  way  the  effect  of  such  tempera- 
tures upon  the  resistance  to  displacement  under 
traffic.  These  tests  were  conducted  in  connection  with 
two  series  of  stability  experiments  which  involved  the 
construction  of  60  sections  of  pavement  on  a  circular 
track  or  roadway  13  feet  in  width.  The  mixtures 
included  coarse-graded  asphaltic  concretes  and  sheet 
asphalts  and  were  laid  2  inches  thick  upon  a  very 
smooth  concrete  foundation. 

For  the  purpose  of  determining  their  relative  dis- 
placement under  traffic,  screws  were  driven  into  the 
pavement  across  the  line  of  traffic  and  referenced  to  per- 
manent markers  set  in  the  concrete.  Thermocouples 
of  copper  and  constantin  wire  were  installed  in  many 
of  the  pavements  and  connected  to  a  central  station 
for  the  observation  of  temperatures.  Most  of  the 
thermocouples  were  set  in  the  pavements  at  a  depth  of 
one-half  inch  below  the  surface,  although  in  several  in- 
stances additional  ones  were  placed  at  half -inch  intervals 
down  to  the  concrete  foundation.  Figure  1  shows  the 
general  location  of  the  experimental  pavements,  the  cen- 
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tral  temperature  measurement  station  and  the  thermo- 
couple wires  leading  to  it.  Observations  of  tempera- 
tures were  made  at  10  a.  m.  and  2  p.  m.  each  day  when 
the  track  was  subjected  to  traffic.  It  was  found  that 
an  average  of  the  air  temperatures  at  these  times  very 
closely  approximated  the  average  air  temperature  for 
the  daily  period  of  operation  of  the  test.  Moreover, 
the  maximum  air  temperature  during  the  day  was 
recorded  at  approximately  2  p.  m. 

The  first  series  of  stability  tests  was  made  on  27 
different  coarse-graded  asphaltic  concrete  mixtures. 
Construction  was  completed  late  in  the  year  and  the 
operation  of  a  loaded  3-ton  truck  over  the  test  sections 
was  begun  in  October.  During  the  autumn,  winter, 
and  early  spring  months  the  average  air  temperature 
at  2  p.  m.  was  below  65°  F.  and  all  of  the  pavement 
mixtures  remained  rigid.  Late  in  the  following  May 
a  sudden  and  decided  rise  in  temperature  took  place, 
maintaining  for  the  following  four  weeks  a  2  o'clock 
average  of  about  80°  F. 

The  effect  of  this  increased  temperature  was  im- 
mediately evident.  Although  many  mixtures  re- 
mained entirely  stable,  a  number  began  to  shove  and 
rut  under  the  continuing  traffic.  This  series  of  mixtures 
was  subjected  to  50,000  passages  of  the  truck,  of  which 
60  per  cent  was  imposed  during  the  period  from  October 
to  May,  without  appreciable  effect  upon  the  contour 
of  the  pavement.  The  remaining  40  per  cent  during 
the  season  of  high  temperatures  served  virtually  to 
destroy  several  of  the  weaker  sections. 

DISPLACEMENT  GREAT   DURING  SUMMER  SEASON 

Twenty-eight  sheet  asphalt  and  five  asphaltic  con- 
crete mixtures  were  tested  in  the  second  series.  The 
sheet   asphalts  were  laid   directly  upon   the  smooth 


Fig.  2— Displacement  and  temperature  of  experimental  asphaltic  pavements 
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concrete  foundation  without  the  customary  intermedi- 
ate binder  course.  In  this  test,  traffic  was  begun 
during  the  last  few  days  of  August  and  differences  in 
the  stability  of  the  several  mixtures  were  immediately 
developed.  As  the  prevailing  temperatures  decreased 
the  effect  of  traffic  became  less  and  less  marked  until, 
during  the  month  preceding  November  11,  virtually 
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Fig.  3.— Relation  between  air  and  sheet  asphalt  pavement  temperature.    Ob- 
servations taken  one-half  inch  below  the  surface 

no  displacement  was  apparent.  The  average  daily 
air  temperature  for  the  last  period  was  66°F.  Traffic 
was  suspended  during  the  winter  months,  but  was 
resumed  early  in  the  following  May  and  continued 
until  October  15.  During  this  interval  a  complete 
cycle  of  temperature  influences  was  observed.  Stability 
of  all  mixtures  at  the  low  spring  temperatures,  shoving 
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Fig.  4.— Record  of  corresponding  temperatures  of  air  and  sheet  asphalt  pavement 
one-half  inch  below  the  surface 

and  rutting  of  weaker  mixtures  during  the  summer 
months,  and  once  more  an  increased  rigidity  as  cooler 
weather  began  to  prevail. 

Figure  2  indicates  the  average  movement  per  1,000 
passages  of  the  truck  of  all  33  sections  of  the  second 
series  with  respect  to  the  average  daily  air  and  pave- 
ment temperatures  for  the  period  or  "traffic  interval" 


between  which  measurements  of  movement  were 
taken.  The  movement  of  each  section  is  determined 
by  averaging  the  total  forward  shove  of  two  lines  of 
25  screws  each  across  the  13-foot  roadway.  The 
points  plotted  on  the  curve  are  the  averages  of  the 
33  sectional  movements.  The  high  degree  of  plasticity 
of  the  pavements  during  the  initial  traffic  interval 
ending  September  2  may  be  significant.  This  period 
came  not  only  in  extremely  hot  weather,  but  followed 
immediately  after  construction,  and  it  is  probable 
that  the  apparent  instability  may  be  ascribed  in 
considerable  degree  to  the  fact  that  the  sections  had  not 
attained  the  ultimate  compression  to  which  they  were 
susceptible  under  traffic.  In  substantiation  of  this 
theory,  attention  is  directed  to  the  fact  that  virtually 
equivalent  temperatures  during  the  following  year 
resulted  in  far  less  displacement.  Furthermore,  in 
a  considerable  number  of  the  mixtures  at  least  50 
per  cent  of  the  total  movement  recorded  during  the 
entire  test  occurred  in  this  short  initial  period. 

By  the  latter  part  of  the  summer  of  1925,  five  sections 
which  carried  excessive  amounts  of  bitumen  had  de- 
formed very  badly.  In  the  traveled  areas  their  original 
internal  structure  was  entirely  disrupted  and  their 
resistance  to  displacement  at  high  temperatures  was 


Fig.  5 — Hourly  record  of  internal  temperature  of  sheet  asphalt  pavement 

virtually  destroyed.  The  condition  of  these  pave- 
ments is  reflected  in  the  rather  sharp  rise  in  the  curve 
of  Figure  2  for  the  period  beginning  August  3. 

It  should  be  recognized  that  this  chart  does  not 
pretend  to  measure  the  susceptibility  of  asphaltic 
pavements  as  a  class  to  movement  at  the  indicated 
temperatures.  In  these  tests  many  mixtures  remained 
stable  at  all  temperatures  whereas  others,  several  of 
which  were  obviously  of  poor  design,  deformed  very 
badly.  Thus  the  plotted  movements  are  representa- 
tive only  of  a  group  of  arbitrarily  chosen  mixtures. 

PAVEMENT  TEMPERATURES  HIGHER  THAN  AIR  TEMPERATURES 

When  exposed  to  direct  sunlight  the  internal  tem- 
perature, of  asphaltic  pavements  is  probably  always 
higher  than  that  of  the  surrounding  air.  This  differ- 
ence is  very  likely  slight  during  the  winter  months, 
but  under  summer  conditions  the  bituminous  mixture 
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accumulates  heat  rapidly  and.  its  temperature  rises 
faster  than  that  of  the  air  during  the  period  of  the  day 
when  it  is  subjected  to  direct  action  of  the  sun's  rays. 
In  these  tests  internal  pavement  temperatures  25  to 
35°  F.  higher  than  the  air  temperatures  were  of  com- 
mon occurrence.  The  highest  pavement  temperature 
recorded  was  140°  F.  and  this  was  reached  only  a  very 
few  times.  Figure  3  shows  the  relation  between  air 
and  pavement  temperatures,  the  latter  obtained  from 
the  thermocouples  placed  one-half  inch  beneath  the 
surface.  The  10  o'clock  and  2  o'clock  readings  are  re- 
corded separately.  All  plotted  points  represent  data 
obtained  on  clear  days,  although  winds  of  varying 
intensity  and  direction  often  prevailed.  It  will  be 
noted  that,  in  general,  the  same  air  temperature  re- 
sulted in  higher  afternoon  pavement  temperatures 
indicating  that  gains  by  absorption  exceeded  losses 
through  conduction  and  radiation. 

Rain,  clouds,  or  local  shade  result  in  an  immediate 
decrease  in  the  temperature  of  asphaltic  pavements. 
The  effect  of  the  last-named  factor  was  particularly 
noticeable  in  several  of  the  mixtures  which,  during  the 
afternoons  of  the  late  summer  months,  were  shaded 
by  a  high  bank  surmounted  by  trees  just  west  of  the 
test  pavement.  As  the  line  of  shade  crossed  the  loca- 
tion of  the  embedded  thermocouples  their  temperatures 
abruptly  decreased.  In  Figure  4  are  plotted  morning 
and  afternoon  observations  of  air  and  pavement  tem- 
peratures, the  latter  being  taken  by  means  of  the  ther- 
mocouple placed  one-half  inch  below  the  surface  of  the 
sheet  asphalt  mixture.  The  record  extends  over  a 
period  of  approximately  four  weeks  and  illustrates 
characteristic  reactions  of  pavement  temperature  to 
changes  in  climatic  conditions. 

There  appears  to  be  no  extreme  difference  between 
the  temperatures  of  asphaltic  pavements  at  various 
depths  beneath  the  surface  of  the  customary  2-inch 
layer.  While  the  pavement  is  subjected  to  direct 
sunlight  the  top  was  found  always  to  be  warmest. 
In  these  tests,  however,  differences  in  temperature  at 
the  one-half-inch  depth  and  at  the  2-inch  depth  never 
exceeded  15°  F.  On  cloudy  days  the  pavement  tem- 
peratures were  virtually  uniform  throughout,  while 
rain,  furnishing  a  medium  for  rapid  losses  of  heat  from 
the  surface,  frequently  resulted  in  slightly  higher 
temperatures  at  the  bottom.  This  latter  condition 
seems  also  to  prevail  at  night.  Figure  5  shows  a  series 
of  26  consecutive  hourly  temperature  measurements 
taken  at  four  depths  in  a  sheet  asphalt  pavement. 

Of  particular  interest  in  this  figure  are  the  uniform- 
ity of  the  temperature  throughout  the  pavement  at 
5  p.  m.  and  7  a.  m.,  the  warmer  condition  of  the 
protected  under  layers  during  the  hours  of  darkness 
and  the  quick  reversal  to  normal  daytime  conditions 
as  direct  sunlight  once  more  strikes  the  pavement  the 
following  morning. 

In  common  with  all  other  structures,  asphaltic 
pavements  may  be  so  designed  that  they  will  prove 
successful  under  some  conditions  but  fail  under  others. 
Obviously,  under  no  traffic,  all  60  of  the  test  sections 
involved  in  these  experiments  would  have  remained 
stable  regardless  of  climatic  conditions.  Test  data 
also  show  this  practically  to  be  the  case  when  traffic 
was  imposed  during  periods  of  average  air  tempera- 


ture below  70°  F.  Higher  temperatures  aided  traffic 
in  developing  instability  in  certain  mixtures,  but  with 
lighter  traffic  it  is  certain  that  several  of  these  would 
have  been  classed  with  those  which  proved  satis- 
factory. It  is  clear,  therefore,  that  pavement  behavior, 
frequently  explained  on  the  basis  of  traffic  only,  should 
be  analyzed  also  with  regard  to  the  prevailing  climatic 
conditions  at  the  time  such  traffic  is  imposed. 


CONCRETE  TESTS  TO  BE  MADE  IN  NEW  JERSEY 

The  New  Jersey  State  Highway  Department,  in 
cooperation  with  the  Bureau  of  Public  Roads,  has 
begun  a  series  of  concrete  tests  for  the  purpose  of 
studying  the  relative  concrete  making  properties  of 
crushed  stone  and  gravel  used  in  concrete  road  con- 
struction in  that  State.  The  tests  are  being  made  in 
the  State  Highway  Laboratory  at  Trenton,  and  in- 
volve the  fabrication  and  testing  of  about  250  concrete 
beams  8  by  8  by  48  inches  in  size,  as  well  as  a  large 
number  of  cylinders  for  compression  tests. 

The  program  calls  for  three  series  of  tests.  In  the 
first  series  the  workability  of  the  concrete  is  to  be  kept 
constant,  as  nearly  as  possible,  by  means  of  the  flow 
test,  and  the  relative  yield  and  strength  of  the  concrete 
determined  for  each  of  several  gradations  both  of 
crushed  stone  and  gravel,  using  concrete  proportions 
as  given  in  the  current  New  Jersey  Standard  Speci- 
fications. The  object  of  this  series  is  to  determine  the 
relative  strength  and  yield  of  gravel  concrete  as  com- 
pared with  crushed  stone  concrete  for  several  sizes  and 
gradations  of  coarse  aggregate. 

In  the  second  series  an  effort  will  be  made  to  design 
concrete  of  a  given  strength  by  means  of  the  water- 
cement  ratio  theory,  for  each  type  and  gradation  of 
coarse  aggregate.  The  procedure  to  be  followed  in  this 
series  is  essentially  as  follows.  To  each  gradation  and 
type  of  coarse  aggregate,  fine  aggregate  will  be  added  in 
the  following  ratios  by  volume,  33  to  67,  36  to  64  and  40 
to  60.  To  each  of  the  above  combinations  water  and 
cement  in  fixed  ratio,  depending  on  the  strength  de- 
sired, will  be  added  until  the  desired  workability  has 
been  reached.  The  end  point  in  each  case  will  be  de- 
termined by  means  of  the  flow  test,  supplemented  by 
the  judgment  of  experienced  concrete  operators.  Con- 
crete specimens  will  then  be  made  up  in  the  proportions 
as  determined  by  the  trial  method  referred  to,  and  the 
comparative  strength,  which  should  be  constant,  the 
comparative  yield,  and  the  comparative  absorption  will 
be  determined. 

In  the  third  series  of  tests,  specimens  will  be  made  in 
which  the  concrete  mixture  has  been  designed  in  ac- 
cordance with  the  fineness  modulus  theory  as  given  in 
"The  Design  and  Control  of  Concrete  Mixtures,"  a 
publication  recently  issued  by  the  Portland  Cement 
Association.  The  results  obtained  from  this  series  will 
be  used  as  a  check  against  the  results  obtained  in  the 
second  series. 

Assuming  a  constant  strength  and  a  constant  degree 
of  workability,  it  is  hoped  to  determine  by  means  of 
these  tests  what  grading  of  coarse  aggregate  and  what 
proportions  of  fine  to  coarse  will  give  the  greatest  yield 
of  concrete  for  both  crushed  stone  and  gravel. 


MOTOR  VEHICLE  REGISTRATIONS,  REVENUE,  AND 
GASOLINE  TAXES  FOR  THE  YEAR  1925 


For  1925  the  motor  vehicle  statistics  have  been 
amplified  somewhat  and  are  published  in  two  tables; 
the  table  on  page  50  showing  the  number  and  classes 
of  vehicles  registered  and  the  table  on  page  51  showing 
the  corresponding  receipts. 

REGISTRATION  STATISTICS 

This  table  shows  by  States  the  motor  vehicle  regis- 
trations, the  tax-exempt  cars,  dealers'  licenses  issued, 
and  operators'  and  chauffeurs'  permits. 

As  far  as  possible  all  reregistrations  are  eliminated 
and  to  avoid  duplication  of  the  recorded  cars  of  other 
States  all  nonresident  registrations  are  excluded.  The 
grand  total  of  registered  motor  cars  and  trucks  has 
been  divided  into  two  classes  based  on  their  use,  either 
as  passenger-carrying,  or  commodity-carrying  vehicles, 
the  latter  including  tractors  and  motor-driven  road 
equipment. 

In  the  first  column  is  the  grand  total  of  all  registered 
and  taxed  motor  cars  and  trucks,  which  is  the  total  of 
columns  2  and  3.  Column  2  shows  the  passenger  cars, 
including  all  privately  owned  passenger  automobiles, 
taxis  and  passenger  cars  for  hire,  and  busses.  A  few 
States  (noted  in  column  3)  have  included  busses  with 
motor  trucks,  but  nearly  all  busses  are  included  in 
column  2.  Column  3  shows  the  commodity  or  freight 
carrying  cars,  which  include  all  motor  trucks,  road 
tractors,  and  all  motorized  road  vehicles,  not  primarily 
used  for  the  transportation  of  passengers.  Tractors 
used  for  farm  purposes  have  been  excluded  although 
these  are  registered  and  pay  a  fee  in  a  few  States. 
Only  12  States  record  road  tractors  separately,  amount- 
ing in  1925  to  2,749  tractors.  The  other  States  in- 
clude road  tractors  with  trucks. 

Considerable  interest  has  been  shown  in  the  number 
of  taxis  and  cars  for  hire  and  busses.  In  the  absence 
of  sufficiently  complete  statistics  from  registration 
offices,  data  nave  been  taken  from  other  sources  and 
shown  under  the  heading  "Special  list  of  passenger 
cars  for  hire."  The  list  in  column  4  taken  from  Internal 
Revenue  Bureau  records  shows  the  number  of  taxis 
and  passenger  cars  for  hire  having  seating  capacity  of 
two  to  seven  persons  for  which  an  occupational  Federal 
tax  of  $10  was  paid  by  the  owners  during  the  fiscal 
year  ending  June  30,  1925.  A  few  States  supplied 
this  data  as  of  December  31,  and  where  available,  it 
has  been  used.  The  list  of  busses  shown  in  column  5 
is  taken  from  the  February  issue  of  "Bus  Transporta- 
tion," and  is  only  a  partial  list.  This  data  has  not 
been  used  in  connection  with  the  official  figures  sum- 
marized in  column  2,  except  in  a  few  States,  as  noted, 
which  record  passenger  cars  for  hire  and  busses  sep- 
arately. 

Registered  trailers  and  motor  cycles  for  which  fees 
are  paid  are  shown.  The  trailers  in  column  6  cover 
semitrailers    (two   wheels)    and  trailers    (four  wheels). 


In  general,  trailers  are  hauled  by  road  tractors  and 
carry  commodities  or  freight.  There  are  some  two- 
wheel  trailers  used  with  passenger  cars  for  "camp  kits" 
but  these  are  not  segregated  in  the  records.  Motor 
cycles  are  listed  in  column  7  and  include  cycles  with 
or  without  side  cars. 

Tax-exempt  official  cars  are  shown  for  all  States 
which  record  these  cars  and  trucks.  The  total  number 
of  United  States  cars  and  trucks  given  was  obtained 
from  the  United  States  Budget  Bureau.  Under  this 
heading  is  also  shown  official  motor  cycles,  which  are 
recorded  in  less  than  half  the  States. 

The  next  to  the  last  column  shows  the  1924  grand 
total  with  1,696  tractors  added  to  formerly  published 
figures  (in  States  noted)  in  order  to  be  comparable 
with  the  1925  grand  total  registered  motor  cars  and 
trucks. 

MOTOR  VEHICLE   REGISTRATION   RECEIPTS  AND  DISPOSAL  OF 
FUNDS 

The  first  column  of  this  table  on  page  51  shows  the 
total  gross  receipts.  The  next  eight  columns  show 
various  items  which  make  up  the  gross  receipts  as 
segregated  by  33  States  and  the  District  of  Columbia. 
The  States  starred  in  the  column  of  States  are  the  ones 
which  reported  the  complete  details,  and  these  States 
have  been  summarized  to  make  a  subtotal  called 
"Detailed  total."  The  details  of  registration  receipts 
correspond  with  the  number  of  vehicles  in  the  table 
on  page  50  wherever  reported.  Under  "Miscellaneous 
receipts"  are  shown  dealer's  license  fees,  chauffeurs'  and 
operators'  permits  and  other  miscellaneous  receipts, 
the  latter  covering  many  items  such  as  reregistration 
fees,  nonresident  registration  fees,  traffic  fines  (if  these 
are  included  in  the  motor  vehicle  fund)  certificates 
of  title,  duplicate  tags,  etc. 

The  collection  and  administration  expenses  of  the 
motor  vehicle  license  offices  are  generally  deducted 
before  final  division  is  made  allocating  certain  shares 
to  the  State  highways,  to  county  or  other  local  rural 
roads  to  pay  retirement  and  interest  on  State  road  and 
bridge  bonds,  and  for  other  purposes,  as  noted.  Several 
States  as  noted  pay  collection  and  administration 
expenses  out  of  State  appropriations.  In  many  cases 
a  stated  lump  sum  is  authorized  for  this  expense  to  be 
deducted  from  motor  vehicle  fund,  or  else  a  certain 
percentage  of  gross  receipts  is  allowed. 

GASOLINE   TAXES 

Data  on  gasoline  tax  rates  and  collections  are  shown 
on  page  52.  This  table  shows  the  gross  receipts  and 
the  net  receipts  after  the  deduction  of  refunds  allowed 
by  law.  Some  States  have  no  provision  for  refunds 
and  in  such  cases  gasoline  used  for  purposes  other  than 
motor  vehicles  is  included.  Collection  costs  are  shown 
where  paid  out  of  gasoline  tax  earnings. 
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Motor-vehicle  registrations  for  the  year  1925 


State 


Registered  motor  vehicles,  indi- 
vidually and  commercially  owned 


Grand  total 
registered 
motor  cars 
and  trucks, 
1925 


Alabama 

Arizona 

Arkansas 

California 

Colorado - 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois --. 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine -- -. 

Maryland 

Massachusetts 

Michigan _ 

Minnesota 

Mississippi — 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey .. 

New  Mexico 

New  York 

North  Carolina  10 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island... 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

District  of  Columbia. 


Totals. 


194,  580 

68, 029 

183,  589 

1,440,541 

240,  097 

250,  669 

40,  140 
286, 388 
248,  093 

81,  506 
1,  203,  177 
725,410 
659,  202 
457,  033 
261,  647 
207,  000 
140,  499 
234,  247 
646, 153 
989,010 
569, 694 
177,  262 
604, 166 

94,  656 
338, 719 

21, 169 

81,  498 
580,  554 

49, 111 

1, 625,  583 

340,  287 

144, 972 

1,  346,  400 

424,  345 

216,  553 
1,  330,  433 

101,  756 
168,  496 
168,  028 
244,  626 
975, 083 
90,  500 
69,  576 
282,  650 
328, 442 

217,  589 
594, 386 

47,711 
103,  092 


19,  954,  347 


Passenger 
automo- 
biles, taxis, 
and  busses 


171,387 

59, 798 

159,511 

1,  225.  796 

221,513 

213, 486 

32,  550 

237,  435 

217,578 

73,  896 

1,101,943 

630,  554 

613,412 

409, 968 

235,  020 

176,  000 

116,229 

222,  173 

554,  813 

885,  524 
524,  879 
159,  134 
543,  426 

82,  135 

301,  716 

18,  069 

72,  472 

469,  156 

47,  470 

1,  346,  665 

311,384 

133,791 

1, 179,  400 

393, 047 

199,  517 

1,  149,  074 

84,  337 

153,  343 

154,  141 
221,  712 

886,  362 
79, 170 
64,566 

216,950 
281,  452 
190,  257 
523,  090 
42,  547 
89,  790 


Motor 

trucks  and 

road 

tractors 


23, 193 
8,231 

24, 078 
214,  745 

18,  584 

37, 183 
7,590 

49,  953 

30,  515 
7,610 

8  161,234 

94,  856 

45,  790 

8  47,  065 

*  26,  627 

31,  000 
24,270 
12,  074 
91,340 

8  103,  486 
44,  815 
18, 128 
60,  740 

12,  521 
8  37, 003 

3,100 

9,026 

111,398 

1,641 

278,918 

28, 903 

8  11,181 

167,  000 

31,  298 

17,036 

181, 359 

17,  419 

15,  153 

8  13, 887 

22,914 

88,  721 

11,  330 

5,010 

35,  700 

46, 990 

27, 332 

8  66,  296 

5,164 

13,  302 


17,  512, 638       2,  441,  709 


Special  list  of 

passenger  cars 

for  hire  ' 


Taxis, 
etc. 


2,710 
5  568 
5  2,  398 
5,210 
2,416 
'  2,  301 

192 

5  3,  356 

1,969 

558 

10,  374 

3,648 

2,284 

2,140 

2,981 

1,477 

5  2,  716 

6 3, 477 

6,254 

3,325 

1,833 

1,555 

4,  821 

583 
1,256 

137 
1,903 
5,367 

391 

26,  079 

2,102 

375 
5,354 
2,212 

732 
6,937 
1,431 
1,646 

452 
2,301 
6,454 

312 
1,  134 
2,543 
«  1,  633 
1,569 
2,535 

347 
1,182 


145,  530 


Busses 


778 

569 

378 

4,017 

816 

904 

138 

1,253 

715 

570 

3,239 

1,896 

1,321 

696 

1,120 

672 

376 

636 

1,857 

2,161 

932 

2,  049 

1,407 

323 

323 

175 

635 

2,401 

308 

3,966 

2,446 

1,078 

4,103 

1,231 

698 

2,615 

12  262 

473 

205 

720 

1,260 

460 

153 

1,  373 

1,574 

856 

820 

553 

265 


'  57,826 


Other  registered 
vehicles 


Trailers 


480 


918 

27,  542 

82 

332 

166 

1,062 


168 
3,777 
5,068 

125 


790 

586 

702 

10,  592 

1,912 


1,087 

""'807' 

20 

497 

1,389 

88 

5,051 

500 


9,  000 


(") 
2,821 
59 
824 


4,600 
200 


440 
1,595 

345 
(") 


No  fee. 


83,  625 


Motor- 
cycles 


524 
310 
263 

11,  177 
1,862 
3,886 

375 
1,200 

994 

518 
6,603 
4,525 
2,303 
1,434 

703 

520 
1,293 
4,619 
9,401 
3,387 
2,923 

100 
1,984 

252 
1,207 

120 
1,701 
7,730 

209 
18,642 

863 

443 

12,  650 
817 

2,547 

15,  234 

1,343 

173 

345 

627 

2,228 

719 

718 

1,590 

2,879 

1,432 

3,443 

220 

1,312 


Tax-exempt  official  ve- 
hicles and  motor  cycles ' 


United 

States 

cars 


140,  348 


State 
and 
local 
cars 


759 

572 

«  13,647 


3,139 


Motor- 
cycles 
(offi- 
cial) 


49 
30 

583 


148 


'3  17,  400 


1,050 
None. 
525 
2,500 
2,014 
1,169 


882 


800 
3,353 


1,317 
1,000 


393 

300 

4,469 


10,  588 
4,110 


4,200 


9,750 
458 

1,261 
763 


1,302 
1,015 


2,435 


555 
203 


79,  529 


'.ill 


400 

~~2l" 
..... 


13 


771 

3 

1,192 


50 
551 


125 
141 


Ml 


5,343 


Number  of  licenses,  or  per- 
mits (autos.) 


Deal- 
ers ' 


Operators 


2,599 
330 


11,977 

3,206 

4,386 

763 

2,016 

727 

324 

2,000 

2,242 


20,  079 


40,841 


1,119 
"i,"070' 


2,011 
1,958 
1,943 


507 


4,703 


598 
24,  105 


959 
516 


162,  435 
109, 747 
698, 378 
197,  547 


60,  772 


51,084 

1,  570,  219 

117,  252 


7,700 
2,700 


64,  702 


17,503 


Chauf- 
feurs 


2,105 
339 


106, 230 
7,776 


3,555 

5,656 

2,921 

448 

100, 000 

40,  247 


8,867 
10,  000 

6,150 
38, 185 

(») 
75,  621 


31,903 


15, 188 
(») 
(•) 


Grand  total 
registered 
motor  cars 

and  trucks, 
1924  3 


26,  648 


3,126 


157,  262 

57,  828 

141, 983 

1,319,394 

213, 247 

' 217,  236 

35, 136 

195,  128 

207,  688 

69,  227 

1,119,236 

651,  705 

616, 128 

410, 891 

229, 804 

178, 000 

»  127, 598 

'  198,  465 

570,  578 

867,  545 

503, 437 

134,  680 

540, 500 

79, 695 

308, 715 

18, 118 

'  71, 149 

»  504,  470 

41,680 

1,  412, 879 

302, 232 

117,346 

1,  241, 600 

369, 903 

192, 615 

'  1, 228, 845 

95, 482 

161,  753 

142, 396 

204, 680 

'  801, 833 

68, 316 

61, 179 

261,945 

295. 443 

'  191, 085 

525, 221 

43,  639 

88,  762 


'  17,  593, 677 


Per 
cent 

in- 
crease 
1925 
over 
1924 


23.7 
17.6 
29.3 

9.2 
12.6 
15.4 
14.2 
46.8 
19.4 
17.7 
12.8 
11.3 

7.0 
11.2 
13.8 
16.3 
10.1 
18.0 
13.2 
14.0 
13.1 
33.6 
11.8 
18.8 

9.7 
16.8 
14.5 
15.0 
17.8 
15.0 
12.6 
23.5 

8.4 
14.7 
12.4 

8.3 

6.6 

4.2 
18.0 
19.5 
21.6 
32.5 
13.7 

7.9 
11.1 
13.9 
13.2 

9.3 
16.1 


13.4 


1  Special  list  from  sources  other  than  registration  offices.  Taxis  and  cars  for  hire 
taken  largely  from  Internal  Revenue  Bureau  report.  List  of  busses  taken  largely 
from  "  Bus  Transportation. "  These  vehicles  are  included  in  the  grand  total  given 
in  the  first  column. 

8  Not  included  in  the  grand  total  given  in  the  first  column. 

3  Total  formerly  published  has  been  revised  to  include  1696  road  tractors  to  give  a 
figure  comparable  to  the  1925  total  which  for  the  first  time  includes  road  tractors. 

4  As  reported  by  States  and  is  not  complete. 

5  As  reported  by  motor  vehicle  bureau. 


6  Includes  7,728  Public  Service  Corporation  vehicles  which  are  tax  exempt. 
?  Includes  road  tractors  formerly  not  included. 
8  Includes  busses  as  reported  by  State. 
'  Included  with  operators  licenses. 

10  Only  data  from  July  1  to  Dec.  31  reported. 

11  Included  with  motor  trucks  and  tractors. 

12  Total  reported  by  State  which  is  larger  than  that  shown  in  "  Bus  Transportation." 

13  From  records  of  the  Bureau  of  the  Budget.    War  Department  vehicles  not  in- 
cluded. 
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Receipts  from  motor  vehicle  registration  fees,  etc.,  for  the  year  1925 


Alabama 

Arizona 

Arkansas 

California* 

Colorado* 

Connecticut  *_  _ 

Delaware* 

Florida* 

Georgia* 

Idaho* 

Illinois* 

Indiana* 

Iowa 

Kansas 

Kentucky*.- 

Louisiana 

Maine* 

Maryland* 

Massachusetts* 

Michigan* 

Minnesota* 

Mississippi* 

Missouri 

Montana* 

Nebraska* 

Nevada 

New  Hampshire 

New  Jersey* 

New  Mexico* 

New  York* 

North  Carolina 

North  Dakota* 

Ohio 

Oklahoma 

Oregon*.- -.. 

Pennsylvania* 

Rhode  Island* 

South  Carolina* 

South  Dakota*.. 

Tennessee-- - 

Texas 

Utah.- — 

Vermont* 

Virginia* 

Washington* 

West  Virginia* 

Wisconsin* 

Wyoming*.,. 

District  of  Columbia*. 

Detailed  total  2_ 

Grand  total 


Total 

gross 

receipts ' 


Subdivision  of  registration  receipts  2 


Motor  cars 


Total 

motor 

cars 


$2,511,129 
405,  592 
3, 150, 000 
7,  816,  298 
1, 430,  299 
5,  644,  247 
680,  700 

3,  645,  628 
3,010,415 

1,  192,  587 
12, 969, 754 

4,  649,  663 
9, 741, 103 
4,  610,  090 
3,  780,  062 

3,  400,  045 
2, 182, 135 

2,  576,  301 
9,  843,  901 

14,  526,  002 

9,  744, 834 

1,  530,  000 

7,  267,  098 

915,  253 

3, 936,  458 

209, 197 

1,  736,  094 

10,  515,  323 

457, 874 

25,  506, 245 

21  8, 359, 844 

1, 083,  573 

13, 147,  231 

4,  576,  572 

5,  370,  202 
21,  926,  972 

1,  863,  955 

2,  366,  076 
2,445,112 

3,  060,  948 
13,  477,  931 

554,235 
1,  497, 146 

4,  300,  950 
4,  980,  026 
3, 354, 247 
7,896,210 

482, 857 
291, 207 


'$2, 


184,412,512 


260,  619, 621 


6,754,002  $4,081,130 


Passenger 
cars  and 

busses 


Trucks 

and 
tractors 


1, 127, 149 
3, 178, 878 

378,  265 
2,  536,  383 
2,  473,  485 

967,  860] 


$2,  672,  872 
209,  243 
124,  605 
138,  739 
912,  669 
479, 124 
187, 314 


$209, 185 

1,140 

7,  853 

2,269 

18,  927 


9,259,929    2,851,750 
3,300,396    1,018,338 


2,  864,  448 


1,330,814 
322  1,  744,  423 
952]  5,  794,  224 
863  10,160,579 
95  8,  654,  290 
150      1,  377,  000 


321 


161, 574,  729 


788,125 
3,141,477 


4,  527, 893 

403,  344 

15,675,072 


935,  031 


4,  440,  577 

11,568,692 

1,  059,  054 

1,  784,  735 

2,  143,  944 


1, 145, 126 
3,  414, 997 
3,  774, 828 
2,  470,  524 
6, 309, 848 
378, 169 
98, 456 


123,  289, 145 


800,  531 


340,  282 
261,  899 
1,  552,  728 
2, 947,  284 
997,  505 
152,  150 


126,  753 
650, 151 


3,  054,  362 

43,  657 

6,  827,  616 


114,  293 


767, 114 
5,  365,  812 
373,  507 
321,  536 
259,  557 


120,  485 

532,  405 

1,  073,  744 

552, 093 

1,  349, 874 

92,  290 

13,  302 


38, 285,  584 


Other  vehicles 


Trail- 
ers 


Motor 
cycles 


3,711 
46,  004 
17,352. 


39, 956 
3,724 

15, 376 
1,485 
4,803 
4,081 
2,450 

23, 963 
8,336 


2,615 
11,978 
14,  795 
121,435 
6,847 


5,581 

2,600 

7,936 

15,  682 

47,  069 

13,  234 

11,743 

850 


3,456 


(») 

45,  895 

570 

36,  168 


<") 
29,  277 

1,003 
13,710 


4,594 
32,  715 
2,577 
(") 


634,  076 


375 
4,902 
600 
9,556 
15,460 
728 
85, 186 


1,397 


14,  629 
41,932 
5,009 
1,567 
1,630 


11,140 


5,000 
7,  576 

15,414 
5,902 

21,140 
1,054 
1,312 


436,  482 


Miscellaneous  receipts 


Disposition  of  gross  receipts 


Dealers' 
licenses 


3,649 


42,  251 


7,990 
'-'1,  l.i.". 
42,700 
19,515 

SS,  II.MI 

53, 950 


Chauf- 
feur and 
operator 
permits 


$10,410 


_'.-,s,iisi 


133,  720 

9,019 

5,594 

890 

355,  519 

74,  56' 


31,012 


324,  870 


.v.i,  71  ii  I 
86,  563 
34,  092 


28, 401 
63,  661 


153,  745 


17,  570 
296,  887 
13,  340 
25,  670 
23,  975 


40,910 
86,  775 


1,  537,  661 


16,819 
54,  396 
32,  952 

262,  595 
1,  396,  756 

241,782 


229,  535 
1,983,948 


77,  107 

1,721,187 

234,  504 

1,141 


137,  620 


49,  SOU 


6,  994,  219 


Miscel- 
laneous 


Collec- 
tion and 
adminis- 
tration 


$3,  299 

14,  573; 


512, 220 

89,043 

1,317,535 

18,  232 

139, 392 

5,431 

10, 841 

344, 539 

176,  724 


$105,  527 

18,  000 

12,  000 

951,  076 

71,  515 


61,671 


142,  666 
279,  724 
978,  629 
955, 125 
40,  357 


136,  472, 

196 

84,  633' 

824, 104 

9,  575, 

,  728, 458 


32,  B52 


53,  205 

2,  903,  185 

177, 538 

217,  717 

16,  006 


4,  490,  640 


261,  220 
98,  297 
(9) 

(10) 

205,  681 
713, 036 
230,  505 
132, 105 

40,  000 

«  254,  526 

»  250,  000 

921,514 

300,  000 

(10) 

45,900 
432,  023 

32,  000 

98,411 

10,  584 

114,610 

1,177,057 

31,  991 

20  372,  848 

149,761 

150,000 

(23) 
(2,) 

200,  000 
"2,563,137 

306,  492 

187,  729 
21,511 
54,  243 

476, 146: 


For  highway  purposes 


State 
highways 


$769,  874 
«  387, 592 
1,731,000 
3,432,611 

679, 392 
5,  644,  247 

680,  700 

2,  538,  306 
2,912,118 

140,444 
9,  982,  450 

4,  443,  982 

5,  758, 141 

3,  284,  689 
3, 247, 733 
3,  360,  045 

1,  302,  196 

2,  326,  301 
8,  922,  387 
7,  356,  467 

6,  294,  834 


Local 
roads 


$486, 490 


583,  000 

3,  073,  607 

679,  392 


846, 102 


1,  037,  220 


6,  835,  075 


1,  094,  896 
400,  224 


6,  000,  000 


1,  484, 100 


1,151,414 

114,225 

1,  613,  804 

5,  552, 266 
283,  922 

18,  876,  461 

8,210,083 

401,78' 

6,  573,  616 
187,  858 


18, 952,  448 
1,  557, 463 
1,  736,  716 
1,  222,  556 
3,  006,  705 
9, 368, 187 


226,  535 
341,3781 

83,  325, 
144,621 
128,  573 

11,344 
128,  32Sl 


82,  037] 

(30) 

240,  059! 
264, 386; 
380,  000 
(I0)        |. 
"  36,  820! 


1,415,109 
\  122,  018 

4,  665, 195 
783,  573 

5,  626,  210 


3«  254,  387 


13,235,345  . 


-11,992,747  177,706,587 


883,  253 

2,  686,  633 

3,138 


3,  725,  000 

141,961 

6,  241,  060 


401,71 
6,  573,  615 
3,  978,  022 
1,  292,  551 


1,  201,  045 


3, 633, 598 


74,  772 


1,  875,  000 


State 
road 
bonds 


$1, 138, 828 


824,  000 


14,917 
2,  987,  304 


For 

other 
purposes 


5  $10,  410 


■  :;.v.i,  in  1 


3,030,325    11  239,601 


552,  647      13  72,  766 


3,  450,  000 


81,  250 


(22) 
130,  000 


3,  877,  651 


2»  554,  235 


2,  000,  000 
(33) 
482,  857 


48,396,47119,124,014 


15  Si'/.i, :,;;:, 


>'  7,  680 
'»  61,  000 


18  15,  876 


»  410,  092 
"411,387 
*M4i,~63i 


si  178,932 


32  306,  288 
"15.0C0 


3,  399,  802 


1  Total  funds  derived  from  operation  of  motor-vehicle  laws,  including  registration 
fees,  licenses,  permits,  fines,  etc. 

1  Only  the  33  States  and  the  District  of  Columbia  reported  data  in  full  detail,  6 
gave  partial  details  and  9  gave  no  details,  therefore  the  detailed  total  is  less  than 
that  of  the  first  column. 

3  Includes  all  registered  vehicles. 

4  Includes  $62,370  for  probate  judges. 

»  Amount  from  licenses  of  taxi  chauffeurs  allotted  to  State  general  fund. 

6  For  maintenance  work. 

7  No  details  given. 

s  Traffic  officers'  expenses,  deducted  from  county's  share  of  net  receipts. 

•  Special  State  appropriation  through  State  highway  fund. 

10  Special  State  appropriation. 

"  For  State  highway  commission  maintenance. 

12  Includes  $153,531  for  motor-vehicle  law  enforcement. 

13  Expenses  of  State  highway  commission. 

14  Estimated. 

15  Expenses  of  motor-vehicle  theft  department. 

16  Estimated  at  $302,600  paid  from  State  appropriation 

17  Included  under  motor  cars. 
»  Refunds. 

"  Toll  bridge  commission. 


2»  Collection  fees  of  county  clerks  in  addition  to  the  expenses  of  7  city  offices,  $1,- 
857,900,  taken  from  general  State  fund. 
2>  For  period  of  6  months,  July  1  to  December  31,  as  registration  year  begins  July  1.. 

22  Interest  and  sinking  fund  requirements  included  in  State  highway  amount. 

23  Special  legislative  appropriation  of  $363,659. 

24  Expenses  from  State  highway  department  fund. 

25  State  general  fund  to  July  1,  1925;  not  to  receive  any  share  after  this  date. 

26  $1,420,048  expended  for  administration  and  balance  for  administration  of  road 
work  by  State  highway  department. 

27  For  State  highway  patrol. 

28  Includes  $374,140  refund  by  amendment  to  law  and  $67,491  to  State  genera 
fund. 

2(1  Includes  amount  spent  on  collection  and  administration. 
3°  State  appropriation  of  $296,969.05. 
81  Operation  of  auto  theft  law. 

32  State  road  commission  expenses. 

33  Bond  payments  included  with  other  items. 

34  All  money  collected  deposited  in  U.  S.  Treasury.    This  amount  is  the  appropria- 
tion for  expenses  of  administration. 

"  Amount  to  balance  with  gross  receipts.    The  United  States  appropriations  for 
streets  is  much  higher. 
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Gasoline  taxes  for  the  year  1925 


States 


Alabama 

Arizona 

Arkansas  2 

California -- 

Colorado 

Connecticut 

Delaware 

Florida -. 

Georgia 

Idaho -.- 

Illinois - 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine.. 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada - ■ 

New  Hampshire 

New  Jersey 

New  Mexico --. 

New  York.-. 

North  Carolina 

North  Dakota 

Ohio.-.- --. 

Oklahoma -. 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah-. -. 

Vermont 

Virginia.- 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

District  of  Columbia. 

Total 


Gross  tax 
assessed, 
prior  to 
deduction 
of  refunds 


$2, 140,  802 
1,  035,  551 

3,  230,  559 
16, 150,  387 

1,991,531 

1,  908,  809 
350,  580 

7,  657,  507 

4,  418,  824 
932,  064 

None. 

7,  832,  462 
3, 568, 184 
3,  000,  253 
3,041,560 
2, 339, 543 
1.2S3,  S71 

2,  022, 986 

None. 

8,  742,  392 

3,  989,  282 
2,  494,  274 

4,  234,  070 
674,  710 

2,  202,  236 
335,  446 
716, 140 

None. 
537, 356 

None. 

6,  238,  508 

649,  416 

9,  133,  785 

5,  143,  517 

3,  065,  151 
8, 352, 798 

318,357 
3,  870,  588 

2,  122,  406 

3,  407,  886 

4,  641,  784 

1,  064,  004 
502,  272 

3,863,117 

3,  205,  114 

2,  222,  329 

4,  155,  469 
460,  972 
896,  568 


Exemption 
refunds: 
(Deduct 

from  gross 
tax) 


$179,600 

280, 199 

1, 193,  598 

30,  585 


8,  499 


36,  621 


179,  413 
63,  069 
95,  059 


15,  526 
45,  950 


506,314 
125,  342 


74,  955 


Total  tax 

earnings  on 

fuel  for 

motor 

vehicles 


$2,140,802 

855,951 

2, 950, 360 

14,956,789 

1, 960,  946 

1,  908,  809 

342,  081 

7,  657,  507 

4,  418,  824 

895,  443 


7,  653,  049 
3,505,115 

2,  905, 194 

3,  041,  560 
2,  339,  543 
1,  268,  348 
1, 977, 036 


Disposition  of  total  tax  earnings 


Collection 
costs 


9,461 


7,393 


6,000 
4.200 
9,466 


12,  436 
5,520 


8,434 
16,741 
9,068 


156, 130 
15,000 
123,835 


156,  056 


5,185 
274,  808 


nil.  mi, 
184,  302 
35,  590 
123,793 
4,675 
6,970 


8,  236,  078 

3,  863, 940 

2,  494,  274 

4,159,115 

674,  710 

2, 193,  802 

318,  705 

707,  072 


537,  356 


6,  082,  378 

634,  416 

9,  009,  950 

5, 143,  517 

2, 909,  095 

»  8,  352,  798 

318,357 

3,  865,  403 

1,  847,  598 

3, 407, 886 

4,641,784 

1,  064,  004 

502,  272 

3,  701,  951 
3,020,812 
2, 186,  739 

4,  031,  676 
456,  297 
SS',1,  ".'.IS 


146,028,910 


5,  590 
2,500 


41,  358 


1,800 
23,  429 


4,963 


26,  SOS 


Tax  rates,  1925 


Construction  and  mainte- 
nance of  rural  roads 


State 
highways 


$427, 976 
1, 357, 360 
7, 229, 248 

980,  473 
1, 908, 809 

342,  081 
5, 549, 978 
1, 641, 248 

885, 977 


5,  200,  037 
1, 151, 144 

2,  905,  191 

3,  041,  560 

8  2, 339,  543 

9  1,  262,  752 
19  1,  579,  629 


"  6,  694,  720 

3,  863,  940 

8  1,  224,  976 

4, 135,  6S0 

101,207 

2, 188,  839 

159, 353 

707,  072 


•  510, 488 


6,553 


3,750 

"5,"604" 


7,500 

10,  000 

228 


6,  082,  378 

224,  095 

»  4,  054,  478 

3,  351,  898 

2, 902,  542 

3, 136,  819 

318, 357 

2, 186, 152 

1,  847, 598 
3, 385, 118 
3, 481, 338 

29  1,  060,  254 
«  502,  272 

2,  464,  231 

3,  020,  812 
22  2, 179,  239 

4,  021,  676 
456,  069 


Local  roads 


i  $2, 131,341 
427, 975 

3  1, 593, 000 

7,  229,  248 

980,  473 


2,101,529 
1,  386,  688 


2,  439,  976 
2,  302,  289 


»  1,500,000 


1,203,715 

~"~371,~690' 

159,3.52 


Cents  per 
gallon 


For  other 
purposes 


Jan. 

1 


'  $490,  900 


3  1,  386,  688 


«  46,  162 


1"  394,  907 


"  63,  783 
""202,413 


'  2,  252,  487 
1,  791,  619 


2, 105, 917 
"i,"512,~889' 


1,  232, 116 


217,393        102,065,216       32,721,704        11,024,627       Av.  2. 26 


1*410,321 
i«  2,  702,  985 


■5  3,  110,  062 
"is"  166,"  362" 


i»  1,160,446 


23  889,  598 


2 

3 

4 

2 

2 

1 

2 

3 

3 

2 

0 

2 

0 

0 

3 

2 

1 

2 

0 

0 

0 

3 

2 

2 

0 

2 

2 

0 

1 

0 

3 

1 

0 

2H 

3 

2 

0 

3 

2 

2 

1 

VA 

1 

3 

2 
2 
0 

1 
2 


Dec. 
31 


2 
3 

'  4 
2 
2 
2 
2 
4 

3^2 

3 
0 
3 
2 
2 
'3 
2 
3 
2 
0 

2 
3 
2 
2 
2 
4 
2 
0 
3 
0 
4 
1 
2 
3 
3 
2 
1 
5 
3 
3 
1 

3H 
2 
213 

2 

2 

2 


Date  of 

rate 
change 


July     1 


June  6 
Aug.  26 
Mar.  1 
No  tax. 
Apr.  1 
Apr.  16 
May     1 


July 

11 

No  tax. 
Feb.     1 

May    1 

Jan. 

1 

Apr. 
...do 

1 

No  tax. 
Mar.  17 
No  tax. 
Feb.  21 

Apr. 
Mar. 

18 
23 

Apr. 

Mar. 
Mar. 
Feb. 

29 
23 
10 
9 

Apr. 
Feb. 

1 
26 

July 
Apr. 
...do 

1 
1 

Net  gallons  of 
gasoline  taxed 
and  used  by 
motor  vehicles 


107, 
28, 
73, 

747, 
97, 

122, 
17, 

210, 

138, 
30, 


040,  092 
531,686 
759,  002 
839,  462 
377, 858 
230,  292 
104,  050 
323,  517 
802,  152 
809,  320 


272, 
175, 
145, 
101, 
116, 
56, 
98, 


980, 870 
255,  740 
259,  090 
385,  318 
939, 139 
513,  741 
851,  813 


411, 
199, 

83, 
207, 

33, 

109, 

8, 

35, 


803,  894 
464,  097 
142, 469 
955,  474 
735,  497 
690, 122 
850,  407 
353,  585 


20,  490, 892 


161, 

64. 

450, 

176, 

96 

414, 

31, 

83, 

64, 

122, 

464, 

32, 

25, 

123, 

151, 

76, 

201, 

20, 

44, 


371,522 
941,  557 
497,  522 
753, 177 
969,  835 
096,  490 
835,  668 
962,  562 
024,  928 
000,680 
178,  427 
217,216 
863, 167 
398,  365 
040,  586 
331,  660 
583, 789 
746,  056 
479,  898 


Estimated 

additional 

gallons  (not 

taxed)  used  by 

motor  vehicles 


530,  534,  340 


51,  796,  350 
52,911,710 


274,  615,  025 
19,  856,  370 
57,  908, 930 


26,  570,  9C0 


249,  638,  220 
"7i5,"256,520 


99, 560,  500 
3,576,646 


48,  830,  860 


6,  457,  783,  284       2, 131,  056,  365 


1  For  maintenance  only. 

2  In  addition  $438,436  collected  as  motor  oil  tax  at  a  rate  of  10  cents  per  gallon. 

3  Includes  $873,240  payments  on  county  road  and  bridge  bonds. 

4  Delinquent  taxes  uncollected  not  disposable  in  1925. 
'  To  State  treasury. 

6  Unaccounted  for;  probably  delinquent  taxes. 

'  Tax  increased  to  5  cents  effective  February  21,  1926. 

8  For  maintenance  only. 

9  Includes  $282,913  for  maintenance. 

10  For  maintenance  and  reconstruction. 

11  For  maintenance  of  Baltimore  streets. 

12  Includes  $3,000,000  for  interest  and  retirement  payments  on  State  road  bonds. 


13  Payments  to  counties  on  State  award  highways. 
"  For  sea-wall  in  Harrison  County. 
13  For  State  general  fund. 
■6  Maintenance  of  municipal  streets. 

17  Includes  $70,868  paid-in  delinquent  taxes  of  former  years. 

Is  Covers  part  of  first  four  months  of  year  only,  as  new  law  excludes  State  general 
fund  from  share  in  gasoline  tax  fund. 

19  For  free  school  fund. 

20  Includes  $460,000  payment  of  interest  and  to  sinking  fund  on  State  road  bonds. 
2>  Tax  increased  to  i'A  cents  effective  Mar.  11,  1926. 

22  Includes  $1,520,463  payment  of  interest  on  State  road  bonds. 

23  For  improvement  and  repair  of  Washington  streets. 
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Applicants  are  urgently  requested  to  ask  only  for  those  publications  in  which  they  are 
particularly  interested.  The  Department  can  not  undertake  to  supply  complete  sets 
nor  to  send  free  more  than  one  copy  of  any  publication  to  any  one  person.  The  editions 
<of  some  of  the  publications  are  7iecessarily  limited,  and  when  the  Department's  free  supply 
is  exhausted  and  no  funds  are  available  for  procuring  additional  copies,  applicants  are 
if/ 'erred  to  the  Superintendent  of  Documents,  Government  Printing  Office,  this  city,  who 
Jius  them  for  sale  at  a  nominal  price,  under  the  law  of  January  12,  1895.  Those  publica- 
tions in  this  list,  the  Department  supply  of  which  is  exhausted,  can  only  be  secured  by 
purchase  from  the  Superintendent  of  Documents,  who  is  not  authorized  to  furnish  pub- 
lications free. 

ANNUAL  REPORT 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 
Heport  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 


No.     105. 

*136. 
220. 
257. 

*314. 

*347. 

*370. 

386. 

387. 

388. 

390. 

407. 

*463. 
*532. 

*537. 

*583. 

*660. 
670. 

*691. 

*724. 

*1077. 
*1132. 

1216. 


1259. 


1279. 


DEPARTMENT  BULLETINS 

Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1913. 

Highway  Bonds.     20c. 

Road  Models. 

Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1914. 

Methods  for  the  Examination  of  Bituminous  Road 
Materials.     10c. 

Methods  for  the  Determination  of  the  Physical 
Properties  of  Road-Building  Rock.      10c. 

The  Results  of  Phvsical  Tests  of  Road-Building  Rock. 
15c. 

Public  Road  Mileage  and  Revenues  in  the  Middle 
Atlantic  States,  1914. 

Public  Road  Mileage  and  Revenues  in  the  Southern 
States,  1914. 

Public  Road  Mileage  and  Revenues  in  the  New 
England  States,  1914. 

Public  Road  Mileage  and  Revenues  in  the  United 
States,  1914.     A  Summary. 

Progress  Reports  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1915. 

Earth,  Sand-Clay,  and  Gravel  Roads.      15c. 

The  Expansion  and  Contraction  of  Concrete  and 
Concrete  Roads.      10c. 

The  Results  of  Physical  Tests  of  Road-Building  Rock 
in  1916,  Including  all  Compression  Tests.     5c. 

Reports  on  Experimental  Convict  Road  Camp,  Fulton 
County,  Ga.     25c. 

Highway  Cost  Keeping.     10c. 

The  Results  of  Phvsical  Tests  of  Road-Building  Rock 
in  1916  and  1917. 

Typical  Specifications  for  Bituminous  Road  Mate- 
rials.    10c. 

Drainage  Methods  and  Foundations  for  County 
Roads.     20c 

Portland  Cement  Concrete  Roads.     15c. 

The  Results  of  Phvsical  Tests  of  Road-Building  Rock 
from  1916  to  1921,  Inclusive.     10c. 

Tentative  Standard  Methods  of  Sampling  and  Test- 
ing Highway  Materials,  adopted  by  the  American 
Association  of  State  Highway  Officials  and  ap- 
proved by  the  Secretary  of  Agriculture  for  use  in 
connection  with  Federal-aid  road  construction. 

Standard  Specifications  for  Steel  Highway  Bridges, 
adopted  by  the  American  Association  of  State  High- 
way Officials  and  approved  by  the  Secretary  of 
Agriculture  for  use  in  connection  with  Federal-aid 
road  work. 

Rural  Highway  Mileage,  Income  and  Expenditures, 
1921  and  1922.  


DEPARTMENT  CIRCULARS 

No.  94.  TNT  as  a  Blasting  Explosive. 

331.  Standard    Specifications    for   Corrugated    Metal    Pipe 
Culverts. 

MISCELLANEOUS  CIRCULARS 

No.  60.   Federal  Legislation  Providing  for  Federal  Aid  in  High- 
way Construction. 

FARMERS'  BULLETINS 

No.  *338.   Macadam  Roads.     5c. 

*505.  Benefits  of  Improved  Roads.     5c. 

SEPARATE  REPRINTS  FROM  THE  YEARBOOK 

No.  *727.  Design  of  Public  Roads.     5c. 

*739.  Federal  Aid  to  Highways,  1917.     5c. 
*849.   Roads.     5c. 
914.   Highways  and  Highway  Transportation. 

'  OFFICE  OF  PUBLIC  ROADS  BULLETIN 

No.  *45.   Data  for  Use  in   Designing  Culverts  and  Short-span 
Bridges.     (1913.)     15c. 

OFFICE  OF  THE  SECRETARY  CIRCULARS 

No.    49.   Motor  Vehicle  Registrations  and  Revenues,  1914. 

59.   Automobile  Registrations,  Licenses,  and  Revenues  in 

the  United  States,  1915. 
63.   State  Highway  Mileage  and  Expenditures  to  January 

1,  1916. 
*72.   Width  of   Wagon   Tires   Recommended   for   Loads  of 
Varying  Magnitude  on  Earth  and  Gravel  Roads.     5c. 
73.   Automobile  Registrations,  Licenses,  and  Revenues  in 

the  United  States,  1916. 
161.  Rules  and  Regulations  of  the  Secretary  of  Agriculture 
for    Carrying   out   the    Federal    Highway    Act   and 
Amendments  Thereto. 

REPRINTS  FROM  THE  JOURNAL  OF  AGRICULTURAL 
RESEARCH 

Vol.    5,  No.  17,  D-2.     Effect   of    Controllable    Variables    Upon 
the  Penetration  Test  for  Asphalts  and 
Asphalt  Cements. 
Apparatus  for   Measuring  the   Wear  of 

Concrete  Roads. 
A  New  Penetration   Needle  for  Use  in 
Testing  Bituminous  Materials. 

Vol.  10,  No.  5,  D-12.  Influence  of  Grading  on  the  Value  of 
Fine  Aggregate  Used  in  Portland  Ce- 
ment Concrete  Road  Construction. 

Vol.  10,  No.    7,  D-13.  Toughness  of  Bituminous  Aggregates. 

Vol.  11,  No.  10,  D-15.  Tests  of  a  Large-Sized  Reinforced-Con- 
crete  Slab  Subjected  to  Eccentric  Con- 
centrated Loads. 


Vol.    5,  No.  20,  D-4. 
Vol.    5,  No.  24,  D-6. 


•Department  supply  exhausted. 


~a 


4 


pLlX.b 


«tt°^»  &***  UBE^ 


rrtjiusofl 


iiiiiiiii hi 


mini  urn mi 


ilk 


li.     IIIH <d 


iiiiiiii.. 


A  JOURNAL  OF  HIGHWAY    RESEARCH 


tMMUHMIJH 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

BUREAU  OF  PUBUC  ROADS 


iiih^^miii 


VOL.    T,    NO.    3 


MAY,    1  926 


CONTROL  OF  THE   MISSOURI    RIVER  AT   HIGHWAY  CROSSINGS   IS  AN    IMPORTANT   PROBLEM 


VASHINGTON    :   GOVERNMENT   PRINTING   OFFICE    :    I32C 


PUBLIC   ROADS 

A  JOURNAL  OF  HIGHWAY  RESEARCH 

U.  S.  DEPARTMENT  OF  AGRICULTURE 


BUREAU  OF  PUBLIC  ROADS 


Certificate:     By    direction    of    the    Secretary    of    Agriculture,     the    matter    contained    herein    is    published    as    administrative    information    and    is    required 

for    the    proper    transaction    of    the    public    business 


VOL.  7,  NO.  3 


MAY,  1926 


H.  S.  FAIRBANK,  Editor 


TABLE     OF 

CONTENTS 

Page 

Retards  in  Stream  Control          ...          - 

53 

A  Study  of  Unusual  Earth  Road  Conditions  in  Nor 

theastern  Iowa   ------        59 

The  Value  of  the  Foreman  on  Fresno  and  Wheel  Scraper  Work       ------        65 

Comparison  of  Transverse  and  Compressive  Tests  of  Concrete           ------        67 

Slabs  for  Delaware  River  Bridge  Tested 

68 

THE     U.   S.   BUREAU 

OF    PUBLIC     ROADS 

Willard  Building. 

Washington.  D.  C. 

REGIONAL   HEADQUARTERS 

Bay  Building,  San  Francisco,  Calif. 

DISTRICT    OFFICES 

DISTRICT  No.   1,  Oregon,  Washington,  Montana,  and  Alaska. 

DISTRICT  No.  7,  Illinois,  Indiana,  Kentucky,  and  Michigan. 

Box  3900,  Portland,  Oreg 

South  Chicago  Station,  Chicago,  III. 

DISTRICT  No.  2,  California,  Arizona,  and  Nevada. 

DISTRICT  No.  8,  Alabama,  Georgia,  Florida,  Mississippi,  South  Carolina, 

Bay  Building,  San  Francisco,  Calif. 

DISTRICT  No.  3,  Colorado,  New  Mexico,  and  Wyoming. 

301  Customhouse  Building,  Denver,  Colo. 

and  Tennessee. 

Box  J,  Montgomery,  Ala. 

DISTRICT  No.  9,  Connecticut.  Maine,  Massachusetts,  New  Hampshire, 
New  Jersey,  New  York,  Rhode  Island,  and  Vermont. 

DISTRICT  No.  4,  Minnesota,  North  Dakota,  South  Dakota,  and  Wisconsin 

Federal  Building,  Troy,  N.  Y. 

410  Hamm  Building,  St.  Paul,  Minn. 

DISTRICT     No.     10,     Delaware,     Maryland.     North     Carolina.     Ohio, 

DISTRICT  No.  5,  Iowa,  Kansas,  Missouri,  and  Nebraska. 

Pennsylvania,  Virginia,  and  West  Virginia. 

8th  Floor,  Saunders-Kennedy  Bldg.,  Omaha,  Nebr. 

Willard  Building,  Washington,  D.  C. 

DISTRICT  No.  6,  Arkansas,  Louisiana,  Oklahoma,  and  Texas. 

DISTRICT  No.  12,  Idaho  and  Utah. 

1912  F.  &  M.  Bank  Building,  Fort  Worth.  Tex. 

Fred  J.  Kiesel  Building,  Ogden,  Utah. 

Owing  to  the  necessarily  limited  edition  of  this  publication  it  will  be  impossible  to  distribute  it  free  to  any  persons  or 
institutions  other  than  State  and  county  officials  actually  engaged  in  planning  or  constructing  public  highways,  instructors 
in  highway  engineering,  periodicals  upon  an  exchange  basis,  and  Members  of  both  Houses  of  Congress.  Others  desiring 
to  obtain  "Public  Roads"  can  do  so  by  sending  10  cents  foi  a  single  number  or  $1  per  year  to  the  Superintendent  of  Docu- 
ments, Government  Printing  Office,  Washington,  D.  C. 


RETARDS  IN  STREAM  CONTROL 


Reported  by  JOHN  R.  CHAMBERLAIN,  Highway  Bridge  Engineer,  United  States  Bureau  of  Public  Roads  > 


IN  CONNECTION  with  the  construction  of  Federal- 
aid  highway  bridges  across  the  Missouri  River 
and  other  streams  the  Bureau  of  Public  Roads  has 
had  occasion  to  study  the  problem  of  stream  control. 
Where  a  large  and  relatively  permanent  bridge  is  to 
be  placed  across  a  stream,  which  if  uncontrolled  is  con- 
stantly shifting  its  channel,  the  problem  is  one  of  major 
importance.  A  study  of  the  erosion  and  silting  action 
of  such  streams  must  be  made  in  order  that  bridge 
sites  requiring  the  least  protection  may  be  selected 
and  that  adequate  protection  may  be  included  as  a 
part  of  the  construction  plan.  There  are  cases  where 
the  cost  of  holding  a  stream  to  the  existing  channel 
under  a  bridge  for  a  period  of  years  has  greatly  exceeded 
the  cost  of  the  bridge. 

CHARACTERISTICS  OF  THE  MISSOURI  RIVER 

From  Sioux  City  in  northwestern  Iowa  to  the 
mouth  of  the  river  at  St.  Louis  the  Missouri  has  an 
average  fall  of  0.86  foot  per  mile.  The  valley  is  flat 
and  lies  between  bluffs  3  to  10  miles  apart,  with  an 
average  width  of  about  5  miles. 

The  land  in  the  valley  is  mostly  of  a  light  soil,  easily 
eroded,  and  in  no  place  does  it  lie  much  above  flood 
stage  elevation.  Bed  rock  is  mostly  from  50  to  100 
feet  below  low  water  and  there  is  little  variation  in 
the  character  of  soil  to  this  depth. 

The  stream  carries  great  quantities  of  silt  in  suspen- 
sion. In  August  1923,  when  unfiltered  water  from  the 
river  was  pumped  into  the  Omaha  distributing  sys- 
tem it  was  said  to  contain  as  high  as  43  per  cent  of  silt. 
This  was,  of  course,  considerably  above  the  average. 

The  stages  of  the  stream  are  usually  referred  to  as 
standard  high  and  standard  low  elevations.  These 
stages  are  the  average  high  and  low  for  the  period 
under  observation  prior  to  1888.  The  difference 
between  standard  high  and  standard  low  at  Sioux 
City  is  10.42  feet;  at  Kansas  City,  14.52  feet;  and  at 
St.  Charles,  16.14  feet.  The  flood  discharge  at  Sioux 
City  at  standard  high  stage  is  about  200,000  cubic 
feet  per  second  and  at  St.  Charles,  300,000  cubic  feet 
per  second.  The  flood  of  1892  discharged  650,000 
cubic  feet  per  second  and  that  of  1903,  750,000  cubic 
feet  per  second  at  St.  Charles. 

The  width  of  the  stream  between  banks  or  standard 
high  water  contour  varies  from  about  1,000  feet  to 
more  than  a  mile  in  places.  Its  depth  at  low  water  is 
insufficient  to  float  a  boat  of  4  feet  draught  though  as 
great  a  depth  as  65  feet  has  been  observed  at  flood 
stage  in  certain  places. 

The  stream,  in  general,  meanders  back  and  forth 
in  the  valley  from  bluff  to  bluff  and,  by  reason  of  the 
rather  extreme  fall  and  the  instability  of  the  soil  it 
effects,  when  not  controlled,  rather  pronounced  changes 
in  location  by  continuous  erosion  of  its  banks.  Maps 
of  this  stream  made  to-day  superimposed  on  maps 
made  prior  to  1890  show  in  some  places,-  particularly 
in  the  Dakotas,  such  erratic  changes  that  no  relation 
can  be  seen  between  the  location  of  channel  now  and 
then.     Figure  1  shows  a  section   of  the  river  below 


Omaha,  Nebr.,  as  it  existed  prior  to  1890  and  in  1898. 
Parts  of  the  river  as  it  is  to-day  are  also  shown.  It  is 
not  unusual  for  erosion  to  change  the  lines  of  the 
stream  as  much  as  a  half  mile  in  a  single  year. 

PROCESSES  OF  EROSION 

Changes  in  channel  occur  by  overflowing  through  a 
swale  and  thus  developing  a  secondary  into  a  principal 
channel,  and  by  lateral  erosion.  The  former  is  the 
most  spectacular  but  the  latter  is  the  cause  of  the 
greatest  concern.  Sometimes  at  ffood  stage  the  over- 
flow will  cut  across  a  large  horseshoe  bend  and  will 
erode  a  channel  of  river  proportions  in  a  very  short 
time  and  by  such  action  shorten  its  length  many  miles. 
Such  a  major  shortening  of  the  stream  gives  rise  to 
far-reaching  effects.  By  increasing  the  slope  it  produces 
higher  velocity  in  the  stream  both  up  and  down  for 
many  miles.  There  also  follows  a  change  in  the  oscil- 
lation of  the  current  between  banks.  The  result  is 
excessive  lateral  erosion  tending  to  cut  more  and  deeper 
bends.     Many  such  major  cut-offs  have  taken  place  in 
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recent  years  and  the  stream  has  corrected  itself  by 
lateral  erosion  so  that  its  total  length  between  distant 
points  has  remained  practically  unchanged. 

In  general  the  river  is  a  series  of  bends  first  to  the 
right  and  then  to  the  left.  In  these  bends  the  water  is 
deep  along  the  concave  bank  and  unless  the  concave 
bank^coincides  with  the  rock  bluff  at  the  edge  of  the 
valley  or  is  protected  by  artificial  means  the  shore  line 
yields  to  erosion. 

Even  in  places  where  the  general  direction  of  the  river 
is  straight  for  a  considerable  distance,  lateral  erosion 
may  develop  if  conditions  have  been  such  as  to  form  a 
bar  in  midstream,  a  condition  which  will  normally 
occur  where  the  river  is  wide  or  just  below  a  reach  where 
velocity  is  great.  The  bar  in  the  path  of  the  current 
has  the  effect  of  crowding  the  stream  to  the  sides  where 


Fig.  2.— Map  showing  location  of  retards  at  East  Omaha,  Nebr. 

it  attacks  the  banks.  This  was  the  condition  just 
above  Glasgow,  Mo.,  when  extreme  erosion  made 
expensive  protection  necessary  to  save  the  Chicago  & 
Alton  railroad  in  1924.  It  was  also  probably  the 
principal  cause  of  rapid  cutting  of  the  north  bank  at 
Waverly  in  1923.  Instead  of  the  bar  itself  yielding  to 
the  attack  of  the  current,  presumably  because  it  pre- 
sents a  taper  or  wedge  to  the  current,  it  deflects  the 
stream  without  itself  suffering  dislodgment  of  material. 
Examples  of  this  condition  may  be  noted  in  Figure  2 
where  protection  work  is  shown  along  the  convex  shore 
at  East  Omaha. 

At  points  where  bank  erosion  is  severe,  excessive 
depths  are  usually  found  and  the  erosion  is  most  active 
during  a  receding  stage,  probably  because  the  soil  is 
then  soaked  and  the  ground  water  presents  a  reverse 
head  tending  to  dislodge  the  particles  of  soil  in  the  bank. 
As  great  a  depth  as  65  feet  has  been  observed  along  such 
eroding  banks  at  a  point  about  100  feet  off  shore. 
With  this  in  mind  the  difficulties  of  placing  any  kind 
of  construction  to  stop  erosion  can  be  appreciated. 

As  a  bend  develops  and  embodies  a  change  of  direc- 
tion or  central  angle  of  near  180°  there  comes  a  time 
when  the  fall  round  the  convex  shore  line  is  sufficiently 
greater  than  around  the  outside  or  concave  shore  line 
to  cause  the  major  part  of  the  flow  to  follow  the  shorter 
passage  and  thus  lessen  the  current  near  the  concave 


bank.  This  is  referred  to  as  chord  action,  as  the  cur- 
rent flows  in  the  direction  of  a  chord  and,  continuing 
in  a  straight  line  across  its  former  channel,  impinges 
directly  against  the  outside  bank.  When  this  occurs 
it  presents  a  difficult  problem,  in  bank  protection. 
Such  a  condition  exists  near  East  Omaha  the  current 
impinging  against  the  bank  at  the  point  marked  A 
in  Figure  2. 

METHODS  EMPLOYED  IN  STREAM  CONTROL 

There  are  two  general  methods  used  in  the  control  of 
streams.  The  first  is  to  change  the  flow  by  directing 
the  current  away  from  the  eroding  bank  in  a  desired 
direction.  The  other  is  to  accept  the  current  as  found 
and  make  the  bank  safe  against  erosion.  The  two 
methods  are  sometimes  combined  by  retarding  the 
current  along  the  eroding  bank  and  at  the  same  time 
partially  deflecting  it  away.  As  an  incidental  result  a 
deposit  of  silt  is  formed  on  the  downstream  side  of  the 
obstruction  used  for  retarding  and  this  in  turn  results 
in  building  out  the  bank  to  some  new  shore  line. 

Where  the  river  lies  close  to  a  rock  bluff  or  edge  of 
valley  or  where  it  can  be  made  to  do  so  the  scheme  of  so 
deflecting  the  current  that  it  will  maintain  such  a  posi- 
tion is  often  a  desirable  undertaking  and  if  the  align- 
ment of  the  rock  bluff  is  straight  or  slightly  concave,  it 
becomes  a  relatively  easy  task  to  train  the  stream  by 
deflecting  dikes.  This  practice  is  particularly  recom- 
mended for  bridge  crossings  of  streams  that  must  be 
kept  open  to  navigation. 

Where  the  stream  forms  a  bend  in  mid  valley  and  the 
bend  is  relatively  smooth  and  on  a  flat  curve  that  gives 
promise  of  future  stability  if  maintained  the  second 
method  is  ordinarily  best  adapted. 

Retarding  and  partially  deflecting  the  current  appears 
to  be  the  method  most  commonly  used  by  land  owners 
presumably  because  it  is  the  only  scheme  that  lends 
itself  to  minor  operations.  If  permeable  dikes  are 
introduced  at  intervals  along  the  shore  line,  the  water 
is  retarded  and  if  the  velocity  is  slower  after  having 
passed  the  obstruction,  it  follows  that  the  excess  must 
be  deflected  out  around  the  end  and  this  deflection  of 
current  tends  to  change  the  direction  of  the  stream 
at  that  point.  Thus  if  a  prism  of  water  approaches 
the  obstacle  with  a  velocity  of  4  feet  per  second  and  that 
portion  which  passes  is  reduced  to  2  feet  per  second 
one  half  of  the  flow  will  of  necessity  be  deflected.  It 
also  follows  that  if  the  space  behind  the  obstruction  is 
eventually  filled  with  silt,  the  only  remaining  function 
of  the*  obstruction  is  to  deflect. 

Making  the  bank  proof  against  erosion  has  the 
advantage  over  the  deflection  of  current  in  that  it  pre- 
cludes the  possibility  of  injuring  other  property  owners 
along  the  stream. 

If  work  is  installed  on  a  piecemeal  basis  or  in  isolated 
projects  instead  of  over  long  reaches,  its  success  is 
threatened  by  changes  that  may  occur  up  stream  no 
matter  what  methods  are  used.  If  the  work  has  been 
placed  to  meet  conditions  as  they  exist,  such  as  the 
protection  of  a  bend,  and  if  the  point  of  attack  of  the 
stream  changes  so  that  it  will  be  further  up  stream,  as 
might  easily  happen,  by  say  the  formation  of  a  hook  in 
the  opposite  shore  line  in  a  bend  above,  then,  independ- 
ent of  the  type  of  construction,  the  work  installed  must 
fail.  Or  should  conditions  develop  so  that  the  current 
makes  a  chord  across  the  bend  an  especially  difficult 
condition  appears  which  the  work  may  not  be  pre- 
pared to  withstand. 
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These  features  make  it  necessary  to  revise  our  ordi- 
nary concept  of  permanence  of  construction  and 
emphasize  the  fact  that  work  of  this  class  should  be 
thought  of  as  a  continuous  operation  and  not  first 
construction  and  then  an  annual  percentage  for 
maintenance. 

DEVELOPMENT  OF  METHODS  OF  RIVER  CONTROL 

The  major  portion  of  river  control  work  on  the  Mis- 
souri River  has  been  installed  by  the  War  Department 
in  its  effort  to  make  and  maintain  a  navigable  channel. 
Detailed  description  of  such  work  is  to  be  found  in  the 
files  and  reports  of  the  Missouri  River  Commission  and 
the  War  Department.2 

Retarding  the  current  with  trees  or  saplings,  one  end 
of  each  anchored  to  the  bottom  with  stones  and  the 
other  end  kept  afloat  by  a  buoy,  was  about  the  first 
plan  tried.  The  idea  was  borrowed  from  India  where 
it  was  employed  in  rivers  not  subject  to  ice.  It  pro- 
duced the  expected  result  but  lacked  durability, 
principally  on  account  of  damage  by  ice.  This  method 
was  introduced  on  the  Missouri  River  45  years  ago 
and  various  modifications  were  tried,  such  as  wire 
instead  of  brush  and  tripod  instead  of  stone  anchors. 
The  evolution  of  this  method  resulted  in  a  type  of 
permeable  pile  dike  still  in  use  and  consisting  of  two 
or  three  rows  of  piling  framed  together  for  lateral 
bracing  and  supporting  a  curtain  of  vertical  poles 
spaced  closely  to  more  effectually  retard  the  current. 
Around  the  piling  is  spread  a  woven  brush  mattress 
anchored  down  with  rock.  This  mattress  is  75  feet 
wide  and  extends  downstream  from  the  dike  a 
distance  of  50  feet. 

The  dike  is  placed  so  as  to  make  a  slight  angle  with 
the  normal  to  stream  flow.  It  is  built  from  the  bank 
out  to  the  desired  new  bank.  An  objection  to  this 
form  of  dike  is  its  tendency  to  catch  drift,  which,  if 
accumulations  are  great  enough,  may  lead  to  its  de- 
struction.    To  serve  the  purpose  of  creating  a  new 


This  type  of  protective  work  was  successfully  em- 
ployed prior  to  1923  on  the  convex  bank  opposite 
Waverly,  Mo.,  for  the  purpose  of  forcing  the  river  over 
against  the  south  bluff  and  holding  it  there.  At  that 
time  a  relatively  minor  influence  started  the  current 
toward  the  dike-protected  shore.  The  dikes  proved 
entirely  inadequate  to  stop  the  very  severe  erosion 
and  one  dike  was  practically  destroyed.  Work  of 
restoring  the  dikes  to  perform  their  original  function 
is  now  in  progress. 


Fig.  3.— Middle  dike  of  a  series  of  three  pile  dikes  protecting  bridge  at  Leavenworth 
Kans.    Note  accumulation  of  drift 

bank  it  must  be  built  above  low  water  and  hence  the 
piling  is  subject  to  decay.  The  cost  of  this  type  of 
dike  is  in  round  figures  about  $25  per  foot.  While  it 
has  been  used  on  concave  banks  it  has  not  proved 
sufficiently  substantial  to  justify  its  general  use  in 
such  places,  particularly  where  conditions  are  severe. 
Figure  3  illustrates  a  pile  dike  with  drift  accumulation 
at  Leavenworth,  Kans.,  and  Figure  4  illustrates  another 
installation  with  a  brush  mattress. 

2  A  detailed  description  may  be  found  in  the  transactions  of  the  American  Society 
of  Civil  Engineers,  Vol.  LIV,  written  by  Mr.  S.  W.  Fox,  for  many  years  principal 
assistant  to  General  Suterof  the  Missouri  River  Commission. 


Fig.  4. — Mattress  protection  for  new  pile  dike.    Old  dike  in  center  of  picture  being 

replaced 

BANK  HEADS,  LONGITUDINAL  DIKES,  AND  ABATIS 

During  the  early  nineties  experiments  were  made 
with  bank  heads,  longitudinal  dikes  and  a  type  known 
as  the  abatis.  The  bank  heads  were  formed  by  paving 
the  banks  at  intervals  with  mattresses  of  brush  and 
stone  extending  well  down  do  the  possible  depth  of 
scour.  They  were  built  so  as  to  form  segments  of 
circles  in  plan  view.  The  thought  was  that  they  would 
so  deflect  the  current  that,  if  placed  at  frequent 
intervals,  no  erosion  would  occur  between  them.  The 
radius  was  about  316  feet.  This  particular  length  was 
arrived  at  from  experiments  and  calculations  having  in 
mind  the  effect  of  eddy  currents  on  the  downstream 
side.  Several  of  these  structures  were  built  for  pro- 
tection of  concave  bends.  It  was  found,  however, 
that  they  did  not  prevent  large  bays  or  bights  forming 
between  them.  They  soon  gave  evidence  of  failure 
and  the  last  was  destroyed  in  the  flood  of  1903. 

A  case  that  is  not  unusual  is  that  in  which  it  is 
desired  to  correct  a  bight  or  pocket  in  a  concave  bank. 
Such  pockets  develop  rapidly  into  large  and  deep 
bends  which  are  more  difficult  to  maintain  and  which 
also  effect  a  change  in  the  regimen  of  the  stream 
further  down.  Longitudinal  dikes  have  been  employed 
to  meet  this  condition  by  building  the  dike  along 
the  desired  shore.  The  first  longitudinal  dike  on  the 
Missouri  was  built  in  1896  just  above  Omaha  across  a 
bight  or  bay  and  along  the  line  of  the  desired  shore. 
It  was  2,600  feet  in  length  tied  into  the  bank  at  each 
end,  and  had  stem  dikes  placed  at  right  angles  con- 
necting the  main  dike  with  the  shore  at  intervals. 
The  main  dike  consisted  of  three  rows  of  piles  with  a 
mattress  125  feet  wide,  100  feet  of  which  lay  out  in 
front  of  the  dike  on  the  river  bed.  A  second  mattress 
was  attached  to  the  upper  750  feet  of  the  dike  supported 
upon  a  wale  of  the  dike  some  3  feet  above  low  water. 
This  mattress  sloped  from  the  dike  outward  so  that 
when  the  space  behind  the  dike  had  silted  in  the 
supported  mattress  would  lie  upon  the  newly  made 
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bank.  This  was  said  to  be  successful  and  later  four 
more  were  constructed;  one  at  Nebraska  City,  one  at 
St.  Joseph,  one  at  Glasgow  and  one  at  St.  Charles. 
The  later  form  consisted  of  five  rows  of  piling  with 
tops  3  feet  above  high  water.  The  supported  mattress 
only  was  used  and  it  sloped  from  the  center  row  of 

Siling  outward  and  also  toward  the  shore  in  long 
at  slopes.  These  installations  were  successful  but 
further  use  of  the  type  was  not  made  on  account  of  the 
cost  which  was  $35  per  foot  at  a  time  when  common 
labor  cost  $1.10  a  day. 

The  abatis,  a  type  of  construction  named  after  the 
military  device  of  similar  shape  was  looked  upon  as  a 
cheap  form  of  construction  to  be  used  in  closing  chutes 
and  advancing  shore  lines  where  full  force  of  the  river 
would  not  impinge  against  it.  It  consisted  of  triangu- 
lar-shaped frames  supporting  longitudinal  timbers 
which,  in  turn,  supported  poles  or  plank. 

Bank  revetment  work  was  first  used  on  the  Missouri 
River  in  1880.  Figure  5  shows  the  type  of  wire  and 
brush  mattress  finally  arrived  at  after  many  years  of 
experience.  It  is  regarded  by  some  as  the  most 
permanent  and  reliable  scheme  of  river  control. 
Unlike  the  dikes  it  is  not  subject  to  decay  since  all 
wood  is  below  water;  it  offers  no  interference  to  drift 
and  is  not  affected  by  ice.     It  accepts  the  river  where 
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CROSS  SECTION 


A  revetment  at  Council  Bluffs  at  what  is  known  as  the 
Narrows  has  failed  but  under  most  extreme  punishment. 
Various  methods  of  constructing  and  using  mats 
have  been  suggested.  Perhaps  the  most  noteworthy  is 
credited  to  the  Wabash  Railroad.  This  type  is  known 
as  the  Cunningham  mat  and  consists  of  willow  poles  or 
brush  laid  in  two  directions  forming  a  mattress  about 
1  foot  thick  which  is  held  in  position  by  wire  fencing 
laid  beneath  and  on  top  of  the  brush.  The  lower 
fence  wire  is  tied  to  the  upper  strands  at  intervals  of 


PLAN 
Fig.  5.— Standard  form  of  bank  revetment  used  on  the  Missouri  Eiver 

found,  hence  does  not  of  itself  produce  effects  either 
favorable  or  unfavorable  at  other  points.  While  it  is 
ordinarily  thought  of  as  permanent  its  length  of  life  is 
considered  good  if  it  holds  for  a  period  of  twenty  or 
twenty-five  years.  The  revetted  bank  above  Glasgow 
has  failed  in  stretches  more  than  a  half  mile  long 
under  attacks  which  were  apparently  not  very  severe. 


Fig.  6. — Cunningham  mattress  100  feet  wide  protecting  the  tracks  of  the  Wabash 
Railroad  near  Missouri  City,  Mo. 

about  3  feet  in  each  direction  and  enough  rock  frag- 
ments are  laid  beneath  the  upper  layer  of  fencing  to 
cause  the  mattress  to  sink.  This  mattress  has  been 
installed  by  the  Wabash  Railroad  near  Missouri  City, 
Mo.,  and  is  said  to  have  been  successful.  As  the 
work  appears  to-day,  much  of  the  mattress  is  sub- 
merged but  a  larger  area  is  spread  out  along  the  bank  as 
safeguard  against  further  encroachment  of  the  stream. 
Figure  6  shows  this  construction. 

An  objection  to  this  type  of  construction  is  that  the 
galvanized  wire  fencing  has  a  limited  durability,  and  if 
laid  upon  the  bank  as  practiced  by  the  Wabash  Rail- 
road, and  the  river  does  not  undermine  it  as  intended 
for  a  period  of  one  or  more  years  the  willow  brush 
becomes  too  brittle  to  be  of  much  service  when  once 
submerged  unless  by  good  fortune  it  drops  quite  gently 
without  tendency  to  break  up.  It  is  said  to  cost  at  the 
present  time,  including  a  patent  royalty,  approximately 
$20  per  running  foot,  100  feet  wide. 

The  Missouri  Pacific  Railroad  makes  frequent  use  of 
a  type  of  mattress  which  consists  of  a  single  layer  of 
wire  on  which  willow  brush  is  laid  and,  over  the  brush 
and  at  right  angles  to  it,  heavy  poles  which  are  wired 
down  to  the  lower  layer  of  fencing.  Upon  this  mat- 
tress, directly  above  the  poles,  is  placed  the  rock  ballast 
required  for  sinking.  The  cost  of  this  type  of  con- 
struction is  unknown  but  is  probably  not  greatly 
different  from  that  of  the  Cunningham  mattress. 

RETARDS  ANCHORED  TO  SHORE 

Tree  retards  have  been  used  for  many  years  by  land- 
owners in  their  efforts  to  stop  the  caving  of  banks.  At 
first  the  trees  both  large  and  small,  were  simply  thrown 
into  the  stream  and  anchored  to  dead  men  on  the 
bank.  Such  an  arrangement  does  give  some  protec- 
tion but  with  water  more  than  20  feet  deep  it  is  not 
conceivable  that  the  effect  of  floating  trees  so  anchored, 
could  be  great.  Another  form  of  retard  that  has  been 
used  consists  of  fastening  three  poles  approximately 
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16  feet  long  at  the  center  so  that  the  assembled  poles 
form  a  unit  as  illustrated  in  Figure  7.  Wire  is  then 
strung  around  the  unit  connecting  the  ends  of  the  poles 
so  as  to  form  a  wire  entanglement.  Several  of  these 
units  are  joined  together  by  a  cable,  one  end  of  which 
is  anchored  to  a  dead  man  on  the  bank,  and  the  whole 
series  is  then  rolled  into  the  stream.  These  series  are 
spaced  at  desired  intervals,  usually  very  close  together 
so  that  the  mass  in  the  stream  will  form  a  practically 
continuous  entanglement.  This  type  of  retard  was 
first  tried  on  the  Kansas  (Kaw)  River  where  it  is  re- 
ported to  be  quite  successful.  In  that  stream,  where 
installations  have  been  seen,  the  entanglements  parti- 
ally buried  themselves  in  the  streambed,  and  the 
protruding  tops  caught  and  accumulated  floating  drift. 
Their  shape  and  anchorage  made  it  possible  for  them 
to  hold  fast  and  thus  effect  a  rather  substantial  mass. 
In  the  Missouri  River  the  greater  depth  of  water  is 
against  their  catching  drift  and  unless  they  do  in 
fact  silt  in  their  presence  apparently  becomes  a  cause 
for  more  active  erosion  due  to  the  eddy  action  around 
individual  timbers  where  they  are  in  contact  with  the 
bottom  of  the  bank. 

In  the  Niobrara  River  in  Holt  County,  Nebr.,  which 
has  a  wide,  shallow,  swift  'current,  they  proved  a 
failure  due  to  this  cause.  The  poles  in  that  installa- 
tion were  structural  steel  angles  and  they  sank  almost 
straight  down  so  that  their  effect  could  not  be  observed 
within  a  few  months. 

RETARDS  ANCHORED  TO  STREAM  BED 

Trees  make  particularly  satisfactory  retards  if  sub- 
stantially anchored  to  the  bottom  because  the  current 
then  forces  the  trees  to  the  bottom.  A  concrete  pile 
driven  a  few  rods  upstream  makes  an  effective  an- 
chorage, the  stability  of  which,  however,  is  dependent 
upon  the  possibility  of  placing  the  anchorage  deep 
enough  below  the  stream  bed  to  insure  against  dis- 
placement   by    the    pull    on    the    cable.     While    this 
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Fig. 7—  Jack-stone  jetties  placed  in  stream  at  point  of  severe  attack.    Thoseonthe 
bank  indicate  the  method  of  construction 

feature  is  not  ordinarily  a  factor  it  can  be  easily  under- 
stood that  with  rock-bottom  less  than  70  feet  deep  and 
a  depth  of  stream  of  50  feet  or  more  the  problem  is  of 
importance.  If  the  structure  stands  the  first  flood 
attack,  the  probability  of  its  loss  is  lessened  since 
such  silting  as  generally  occurs  is  an  added  safeguard 
against  future  dislodgment. 

A  factor  to  be  guarded  against  is  the  formation  of 
eddies  on  the  downstream  side  which  is  likely  to 
occur  if  the   current   is    especially  strong  or  where 


it  does  not  nicely  parallel  the  shore  line.  Another 
feature  which  effects  the  permanence  of  this  type  is 
the  breaking  of  cables  due  to  the  whipping  of  the 
trees.  Places  have  been  noted  where  the  trees  were 
still  in  motion  two  years  or  more  after  installation. 
It  is  of  course  a  severe  test  of  a  cable  to  withstand 
the  bending  and  twisting  that  goes  on  while  the  trees 
are  continually  changing  their  position. 

In  the  construction  of  these  retards  the  trees  are 
piled  in  cordwood  fashion  on  the  bottom  of  the  stream 


Fig.  8.— Looking  downstream  at  tree  retards  from  Illinois  Central  bridge  at  East 
Omaha.    Butts  of  trees  reversed  on  account  of  eddy  action 

until  they  show  above  the  water  surface  at  ordinary 
stages.  They  are  laid  with  butts  upstream  and  each 
tree  is  fastened  by  cable  to  the  anchor  cable.  The  con- 
crete pile  anchors  are  placed  approximately  35  feet 
apart  and  about  100  feet  upstream  from  the  ends  of 
the  trees.  The  trees  near  shore  are  piled  well  above 
the  high-water  stage  and  are  anchored  by  cables  to 
dead  men  back  from  the  bank  line.  Units  or  piles  of 
trees  are  spaced  along  the  bank  at  varying  distance 
depending  mostly  upon  the  length  of  the  unit  and  upon 
whether  the  current  is  parallel  to  the  shore  line  or 
approaches  at  an  angle.  The  usual  spacing  may  be 
taken  as  500  to  1,000  feet  for  150-foot  units. 

The  piling  used  for  anchorage  is  about  15  feet  in 
length  and  16  inches  square  and  is  sunk  under  its 
own  weight  by  the  jetting  process.  The  jet  pipe  is 
in  the  center  of  the  pile  with  a  device  for  disconnect- 
ing the  hose  supplying  the  water  after  the  pile  is  in 
place.  The  trees  are  put  in  place  either  from  a  boat 
or  from  land.  If  a  boat  is  used,  it  is  anchored  so  that 
when  the  trees  are  skidded  off  they  will  take  the  de- 
sired position  in  the  retard.  This  is  done  by  anchoring 
a  pulley  block  on  shore  and  the  pull  required  to  skid 
the  trees  is  applied  from  a  capstan  on  the  boat. 

When  trees  are  placed  from  land  a  temporary  pile 
is  first  driven  in  the  stream  at  the  proposed  end  of  the 
retard.  To  this  pile  is  attached  a  pulley  block  and  a 
hoisting  engine  placed  well  back  on  the  bank  furnishes 
the  power  for  pulling  the  trees  mgroups  of  a  dozen  or 
more  outward  to  their  final  position.  Figure  8  shows 
a  tree  retard  of  this  character  near  Omaha. 

RIVER  PROTECTION  AT  EAST  OMAHA 

Figure  2  shows  a  map  of  the  river  just  above  the 
city  of  Omaha.  At  this  point  the  river  crosses  the 
valley  from  the  west  bluff  to  the  east  and  then  returns 
again  to  the  west  bluff  and  the  land  inclosed  by  this 
bend  is  called  East  Omaha.  The  area  is  mostly  farm 
land  but  numerous  houses  and  cottages  are  built  in 
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the  vicinity  of  Carter  Lake.  A  levee  has  been  con- 
structed to  protect  this  area  from  overflow  and  in 
1922  the  eroding  bank  threatened  to  intercept  this 
levee.  To  prevent  this  a  series  of  19  retards,  covering 
a  distance  of  3^  miles  of  shore  line,  was  installed. 
The  cost  per  foot  of  retard  was  about  $50  which 
amounted  to  $8.20  per  foot  of  bank  protected. 

The  general  direction  of  the  stream  is  straight  but 
there  exists  one  quite  pronounced  hook  in  the  shore  line 
and  for  some  distance  below  this  hook  the  bank  is,  in 
fact,  convex.  While  the  map  does  not  so  show,  the 
opposite  side  of  the  river  is  so  shallow  that  a  bar 
appears  during  ordinary  low  water  stage.  This  bar 
appears  to  force  the  deep  water  along  this  shore  and  so 
maintain  it  even  where  the  bank  is  convex.  Conditions 
at  this  point  are  not  considered  severe  and  the  retards 
were  successful  in  stopping  erosion  and  have  silted  in 
irregularities  as  illustrated  in  Figure  9. 

In  Figure  2  it  will  be  noted  that  the  Illinois  Central 
Railroad  lies  quite  close  to  the  river  near  the  existing 
bank  which  was  of  sand.  The  bank  at  this  point  was 
first  revetted  but  the  revetment  failed  and  the  con- 
struction of  tree  retards  was  started  in  1922.  Con- 
struction was  begun  at  the  upstream  end  of  the  series 
shown  at  this  point.  After  the  construction  of  the  first 
retard  and  while  the  others  were  under  construction 
the  sand  bar  shown  on  the  concave  bank  formed  and 
chord  action  of  the  current,  though  not  a  pronounced 
case,  started.  The  current  has  been  thrown  away  from 
the  bank  where  it  was  nearest  to  the  railroad  and  now 
impinges  with  considerable  force  against  the  third, 
fourth,  and  fifth  retards  from  the  lower  end.  These 
structures  have  held  the  bank  but  strong  eddy  action 
takes  place  in  the  bights  between  them.  Additional 
trees  have  been  thrown  in  these  bights  and  anchored 
to  dead  men  on  shore.  The  trees  have  been  whipped 
about  violently  by  the  whirlpools  but  at  the  time  of 
inspection  appeared  to  be  holding  on  very  well. 


Fig.  9.— Silt  deposit  resulting  from  retard  construction  at  East  Omaha.     Picture 
taken  from  tree  retard  a  portion  of  which  shows  at  lower  edge  of  photograph 

The  map  shows  two  bar  outlines,  the  position  in 
April,  1923,  being  shown  by  a  full  line  and  the  position 
in  October  of  the  same  year  by  a  dotted  line.  At  the 
latter  date  a  considerable  volume  of  water  was  passing 
close  to  the  shore  where  the  bar  had  been  a  few  months 
before.  In  1924  this  channel  again  practically  closed 
up.     The  stream  appears  to  be  in  a  state  of  delicate 


balance  at  the  bend,  so  that  at  times  the  current  takes 
the  outside  of  the  bend  and  at  other  times  the  short 
course,  with  resulting  chord  action. 

At  Gibson,  Nebr.,  the  Chicago,  Burlington  &  Quincy 
Railroad  constructed  retards  to  protect  its  yards. 
These  retards  have  become  covered  with  rubbish 
dumped  into  the  river  and  have  caused  the  formation 
of  a  bar  directly  downstream.  With  the  retard  cov- 
ered it  seems  that  the  current  would  cut  away  the  bar. 
Instead  of  doing  this,  however,  the  bar  deflects  the 
current  to  the  opposite  bank  below  which  is  being 
eroded.  The  river  at  this  point  is  quite  straight  and 
the  deflection  of  the  current  by  the  bar  is  an  excellent 
example  of  wedge  action. 


Fir,.  10. — Stone  and  brush  dike  under  construction  showing  silting  that  has  resulted 
GENERAL  OBSERVATIONS  ON  RIVER  CONTROL 

An  ideal  plan  for  maintaining  a  river  such  as  the 
Missouri  in  a  permanently  fixed  channel  would  require 
holding  it  to  a  nearly  uniform  width  at  all  points, 
shaping  all  bends  with  a  maximum  radius  and  develop- 
ing as  much  total  length  as  possible.  This  would 
require  the  protection  of  the  outside  of  bends  when  not 
in  contact  with  bluffs  and  the  installation  of  structures 
on  the  inside  of  bends  to  prevent  chord  action.  The 
advantage  of  controlling  long  stretches  of  the  river  as 
a  single  project  is  illustrated  by  the  work  of  the  Mis- 
souri River  Commission  on  45  miles  of  channel  between 
Jefferson  City  and  the  mouth  of  the  Gasconade  from 
1892  to  1902.  This  work  cost  about  $2,500,000  or 
$55,000  per  mile  and  is  said  to  have  required  little 
maintenance  since.  The  total  amount  is  only  about 
twice  as  great  as  the  Burlington  Railroad  is  said  to 
have  spent  on  a  single  bend  near  Folsom,  Iowa. 

Much  of  the  work  of  river  control  has  been  done  by 
landowners,  towns,  or  railroads  in  an  effort  to  protect 
their  property.  Generally  this  work  has  been  limited 
to  the  immediate  vicinity  of  the  danger  and  often  has 
been  delayed  until  the  danger  has  become  acute.  This 
has  led  to  increased  costs  and  sometimes  to  complete 
or  partial  failure. 

For  the  highway-bridge  engineer  planning  the  loca- 
tion and  protection  of  bridges  over  such  streams  as  the 
Missouri  River  there  is  available  the  results  of  many 
years  of  experience  in  such  work  and  he  must  avail 
himself  of  it  if  he  is  to  construct  a  permanent  structure. 


A  STUDY  OF  UNUSUAL  EARTH  ROAD  CONDITIONS  IN 

NORTHEASTERN  IOWA' 


By  QUINCY  C.  AYRES,  Associate  Professor,  Iowa  Slate  College 


SOFT  spots  and  mudholes  which  developed  after 
grading  in  a  number  of  earth  roads  in  north- 
eastern Iowa  manifested  such  unusual  char- 
acteristics both  as  to  their  behavior  and  their  location 
that  the  writer  was  engaged  by  the  State  highway 
commission  to  conduct  a  field  investigation  of  the  causes 
of  their  occurrence. 

In  nearly  all  cases  the  soft  places  did  not  exist  before 
the  grading  of  the  roads.  Yet  after  grading  they  began 
to  develop  at  the  crest  or  along  the  slopes  of  nearly 
every  cut  despite  the  fact  that  ample  precautions  had 
been  taken  to  insure  adequate  drainage  in  the  customary 
manner. 

Unlike  the  wet  spots  caused  by  side-hill  seepage  these 
failures  are  seasonal  in  character,  breaking  out  only  in 
the  spring  when  frost  begins  to  leave  the  ground  and 
continuing  to  cause  trouble  until  some  time  after  the 
frost  has  disappeared.  During  this  period  they  become 
saturated  with  confined  water  and  are  no  more  capable 
of  supporting  a  load  than  deep  beds  of  soft  putty  which 
they  closely  resemble.  The  occurrences  are  interspersed 
at  frequent  intervals  between  stretches  of  excellent 
roadway  which  bring  them  out  in  sharp  contrast  and 
render  them  all  the  more  exasperating  to  the  traveler. 
Certain  other  peculiarties  have  been  observed,  such  as 
a  tendency  of  the  minor  failures  to  shift  position  slightly 
from  year  to  year,  and  the  strange  effect  of  rainfall 
which  seems  to  improve  their  condition.  The  most 
plausible  explanation  of  the  latter  phenomenon  is  to  be 
sought  in  the  temperature  of  spring  rains,  which  are 
usually  warm  enough  to  melt  the  frost  and  open  per- 
colation channels. 

Natural  relief  can  not  be  expected  until  the  surface 
evaporation  becomes  sufficiently  rapid  to  dry  out  the 
top  4  or  5  inches  of  the  road,  forming  a  hard,  tough 
crust.  This  crust,  when  once  formed  is  generally  thick 
enough  to  distribute  loads  and  bridge  over  the  soft 
material  beneath  until  the  following  spring.  At  no 
time,  however,  is  the  crust  capable  of  supporting  heavy 
loads  without  a  perceptible  sag  similar  to  that  of  a  steel 
rail  under  the  wheels  of  a  locomotive. 

Clearly  these  soft  spots  constitute  a  problem  of 
a  special  nature  which  requires  particular  treatment  for 
its  solution.  The  objects  of  the  investigation  were 
therefore  (1)  to  discover  the  cause  of  the  trouble,  (2) 
to  determine  the  most  feasible  remedy  for  existing  fail- 
ures, and  (3)  to  find  the  best  way  of  handling  future 
improvements  so  as  to  prevent  their  recurrence. 

So  far  the  occurrences  have  been  observed  only  in 
nine  counties  in  northeastern  Iowa  in  the  vicinity  of  the 
Mississippi  River.  Clayton  County  seems  to  be  most 
seriously  affected,  but  a  number  of  failures  have  been 
noted  in  Allamakee  and  Dubuque  Counties,  and  to 
a  lesser  extent  the  counties  of  Winneshiek,  Fayette, 
Jackson,  Jones,  Delaware,  and  Clinton  have  also  been 
troubled. 

1  This  article  is  substantially  identical  with  a  paper  presented  by  the  author  at 
the  annual  meeting  of  the  Iowa  Engineering  Society  at  Mason  City,  Iowa,  January 
27,  1926.  It  is  based  on  an  investigation  conducted  by  the  writer  between  July  and 
September,  1925,  and  upon  preliminary  examinations  bv  Mark  Morris  and  M.  L. 
Hutton,  of  the  Iowa  Highway  Commission. 


In  Clayton  County  alone,  the  total  length  of  the 
failures,  in  improved  primary  roads  only,  is  more  than 
8,000  feet,  and  if  this  figure  be  increased  in  the  propor- 
tion that  the  present  improved  mileage  bears  to  the  total 
mileage  of  primary  ancl  county  roads  in  the  county,  it 
appears  as  probable  that  something  like  32,000  feet  of 
roadbed  will  eventually  require  treatment. 

CONCLUSIONS  AS  TO  THE  CAUSE,  PREVENTION,  AND  REMEDY  OF 
THE  FAILURES 

As  a  result  of  the  writer's  investigation,  in  the  course 
of  which  444  test  borings  from  4  to  21  feet  deep  were 
made  in  roads  in  Clayton  County,  the  following  con- 
clusions have  been  reached  with  respect  to  the  cause, 
prevention,  and  remedy  of  the  failures. 

The  soft  spots  have  been  found  to  occur  almost  ex- 
clusively at  tlie  crest  or  on  the  side  slopes  of  cuts  made 
in  grading  the  roads,  and  the  investigation  indicates 
that  they  result  from  the  exposure  by  the  grading 
operations  of  unweathered,  loessal  clay  which,  in  the 
unimproved  road,  was  overlain  by  stable,  weathered 
material.  The  water  contributing  to  the  condition  is, 
in  the  main,  of  purely  local  origin.  Underground 
sources  of  supply,  such  as  springs  or  seepage  veins, 
have,  as  a  rule,  been  definitely  eliminated. 

For  the  curing  of  the  existing  failures  the  most 
practical  remedy,  in  the  opinion  of  the  writer,  is  to 
remove  the  unstable  material  to  a  depth  of  at  least 
two  feet  and  replace  it  with  well  weathered  topsoil  or 
"black  dirt,"  thus  providing  a  stable  crust  to  bridge 
over  the  unstable  material  during  the  critical  period, 
and  duplicating  the  condition  known  to  exist  at  places 
where  no  failure  has  occurred.  Several  other  remedies 
have  been  proposed,  among  them  the  covering  of  the 
affected  areas  with  rock  or  sand,  the  addition  of  lime 
to  the  soil,  the  use  of  tile  drains,  the  planting  of  trees 
which  it  is  hoped  will  remove  the  moisture  from  the 
soil,  the  burning  of  the  unstable  material,  the  paving 
of  soft  places,  and  others  of  a  less  practical  character. 
For  reasons  which  will  later  be  presented  the  writer 
believes  the  formation  of  a  crust  of  weathered  earth 
to  be  the  most  practical  procedure;  but  it  would  per- 
haps be  wise  to  test  a  number  of  the  proposals  which 
seem  to  be  feasible  with  a  view  of  adopting  the  one 
which  proves  to  be  the  most  effective  and  economical. 

For  roads  to  be  graded  in  the  future  two  methods  are 
proposed  in  order  to  prevent  the  creation  of  the  faulty 
condition:  Either,  (1)  adjust  the  grade  line  to  avoid 
cutting  the  hills  by  making  heavy  fills  with  borrowed 
earth;  or  (2)  balance  the  cuts  and  fills  in  the  usual 
way  by  making  allowance  for  the  extra  depth  of  excava- 
tion in  cuts  necessary  to  provide  for  replacement  of 
unstable  material  with  weathered  soil. 

EXTENT  AND  PROCEDURE  OF  THE  INVESTIGATION 

The  area  covered  and  the  roads  studied  in  the 
writer's  investigation  are  shown  in  the  map,  Figure  1. 
The  evidence  necessary  for  the  determination  of  the 
cause  and  character  of  the  failures  was  obtained  by 
boring  test  holes  to  reveal  the  nature  and  thickness  of 
the  various  strata. 
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The  first  test  hole  was  dug  at  station  875  +  00  of 
primary  road  Nos.  10-13,  about  1.5  miles  southwest 
of  McGregor  (fig.  1)  from  which  a  continuous  line  of 
borings  was  extended  to  a  point  near  Elkader  at  sta- 
tion 165  +  00.  Two  hundred  and  sixty  borings  were 
made  in  this  section  of  graded  highway,  each  of  which 
penetrated  the  loessal  deposit  and  extended  into  the 
till  or  residual  soils  beneath.  For  the  most  part,  the 
holes  were  dug  on  the  left  shoulder  of  the  road  about  8 
feet  from  the  center  line  and  the  usual  depth  was  from 
10  to  15  feet,  extreme  variations  being  from  4  to  21 
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Fig.  1. — Map  indicating  continuous  lines  of  borings  and  reconnaissance  routes 

feet.  The  diameter  of  all  the  holes  was  6  inches  and 
the  spacing  in  all  cuts  was  from  50  to  100  feet  or  closer. 
A  number  of  holes  were  also  dug  in  the  stable  portions 
of  the  road,  and  a  few  were  located  in  adjoining  fields. 
At  the  time  of  making  each  boring  depth  measurements 
were  taken  and  every  change  in  color,  texture  or  con- 
sistency of  the  soil  was  recorded. 

The  station  number  of  each  hole  was  accurately  de- 
termined from  the  permanent  reference  hubs  and  a 
continuous  line  of  levels  was  run  to  establish  the  eleva- 
tion of  the  road  surface  at  the  holes.  The  elevation 
of  the  top  of  both  banks  opposite  each  hole  was  also 
obtained  so  that  original  surface  elevations  could  be 
computed. 

In  this  way  every  cut  in  the  McGregor-Elkader  road 
was  thoroughly  investigated  and  an  attempt  was  made 
to  account  for  those  that  had  not  caused  trouble  as 
well  as  for  those  that  had.  The  failures  of  1925  which, 
on  this  section  of  highway,  aggregate  3,933  feet  in 
length,  were  identified  by  laths  driven  in  each  bank 
opposite  their  extremities,  and  wherever  such  a  stake 


was  found  its  station  number  was  recorded  and  used  to 
locate  the  borings.  A  few  unstaked  failures  were 
located  frcm  the  records  of  County  Engineer  Hahn. 

The  next  stage  of  the  investigation  consisted  in 
boring  all  the  proposed  cuts  in  primary  road  Nos.  19-20 
from  Postville  to  Monona,  at  present  unimproved, 
though  the  plans  for  such  improvement  are  complete. 
One  hundred  and  forty  six  holes  were  sunk  in  the 
manner  already  described  except  that  in  this  road 
many  of  the  borings  were  made  along  the  center  line 
in  relocations.  When  the  notes  of  these  borings  have 
been  plotted,  it  should  be  possible  to  predict  with  a 
fair  degree  of  accuracy  the  location  of  the  failures  that 
may  develop  after  construction. 

For  the  purpose  of  securing  corroborative  evidence, 
41  holes  were  bored,  covering  the  eight  failures  between 
the  intersection  of  primary  roads  10-13  and  19-20  and 
Monona.  These  failures,  which  have  an  aggregate 
length  of  1,939  feet,  were  obtained  from  County 
Engineer  Hahn. 

In  order  to  make  certain  that  the  soil  conditions 
revealed  by  the  continuous  lines  of  boring  were  truly 
typical,  the  writer  conducted  brief  reconnaissance 
examinations  of  the  following  roads: 

Primary  No.  51 — Postville  to  Waukon. 

Primary  No.  19 — Postville  to  West  Union. 

Primary  No.  56 — West  Union  to  Elkader. 

Primary  Nos.  10-13 — Elkader  to  Strawberry  Point. 

Primary  No.  56 — Elkader  to  Garnavillo. 

Primary  No.  20 — Intersection  of  primary  Nos.  10-13 
to  Guttenberg. 

All  cuts  on  these  roads,  including  a  number  of 
treated  and  untreated  failures,  were  closely  inspected 
and  sufficient  borings  were  made  to  identify  the  various 
strata  as  belonging  to  the  classification  previously 
established  from  the  continuous  lines  of  borings,  as 
shown  in  Figure  1.  Nothing  was  found  to  controvert 
any  of  the  conclusions  previously  indicated. 

CAUSE  OF  FAILURE 

Early  in  the  progress  of  the  investigation  it  became 
evident  that  the  difference  in  elevation  between  the 
road  grade  and  the  original  ground  surface  was  the 
key  to  the  situation  and  not  the  depth  of  cut  below 
the  old  road,  unless  the  two  happened  to  coincide. 
Proceeding  on  this  premise,  the  cause  is  to  be  sought  in 
the  geological  and  soil  characteristics  of  the  area 
affected. 

Without  going  into  an  extended  discussion  of  geologic 
history,  this  region  may  be  said  to  lie  in  a  position 
untouched  by  the  last  glacial  invasion.  Consequently 
it  is  blanketed  by  a  layer  of  fine-grained,  loessal  clay 
(presumably  of  wind-blown  origin)  which  covers  the 
tough  sandy  clays  laid  down  in  a  previous  glacial 
epoch  or  residual  soils  composed  of  weathered  rocks. 
(See  fig.  2.)  These  underlying  clays  though  stiff  and 
gummy  are  mixed  with  sand  and  angular  rock  fragments 
which  render  them  permeable  and  firm.  In  color  they 
range  from  a  deep,  ox-blood  red  to  pale  tan  and  wher- 
ever exposed,  provide  an  excellent  roadbed. 

The  overlying  blanket  of  loessal  clay  on  the  other 
hand,  never  contains  any  sand  or  rock  fragments  and, 
in  general,  presents  opposite  characteristics.  Its  usual 
thickness  is  from  9  to  15  feet  and,  though  somewhat 
thicker  on  hills,  as  a  rule  it  conforms  closely  to  the 
residual  subsurface.  In  its  undisturbed  state,  three 
degrees  of  weathering  are  clearly  marked,  as  illustrated 
in  Figure  2. 
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First  stage  of  weathering. — Starting  at  the  bottom 
(on  the  residual  subsurface)  the  first  stage  is  noted  as 
a  pure,  bright,  gray  clay  interspersed  but  not  mixed 
with  thin  laminated  streaks  of  dark  brown  and  yellow 
oxides  and  carbonates  of  iron  (limonite  striations). 
This  clay,  though  fine  grained,  is  rather  stiff  and  re- 
quires considerable  pressure  to  work  in  the  hands. 
Its  consistency  in  place  is  generally  that  of  stiff  putty, 
but,  when  dry  it  is  powdery  and  fluffy,  like  flour.  In 
some  instances,  where  it  overlies  colored  sandstone,  a 
thin  layer  at  the  bottom  of  the  stratum  is  found  to  be 
discolored  to  chocolate-brown,  mouse-gray  or  ink-blue. 

Second  stage  of  weathering.— In  the  second  stage, 
immediately  above  the  first,  a  dull,  drab  gray  occurs 
mixed  with  nodules  of  brown  and  yellow  limonite, 
which  has  been  partially  oxidized.  The  mixing  pro- 
cess is  not  so  pronounced  near  the  bottom  of  the  layer 
but  it  gradually  increases  toward  the  top,  until,  in  the 
uppermost  portion,  the  mixture  is  so  well  mottled  that 
its  component  parts  are  difficult  to  detect.  In  its 
natural  condition,  the  clay  in  this  stage  is  generally 
quite  wet,  ranging  in  consistency  from  very  soft  to 
soft  putty,  and  occasionally  stiff  putty.  When  worked 
in  the  hands  it  is  very  soft,  yielding,  sticky  and  plastic. 

Third  stage  of  weathering  .—The  third  and  last  stage 
represents  a  stratum  of  the  same  mixture  in  an  ad- 
vanced state  of  oxidation  lying  near  the  ground  sur- 
face. It  is  no  longer  possible  to  discern  particles  of 
limonite  nor  is  any  of  the  gray  clay  visible.  The 
product  of  complete  weathering  is  a  fine-grained  clay 
of  even  texture  and  uniform  color,  ranging  from  a 
light  buff -brown  at  the  bottom  of  the  stratum  to  a 
darker  brown  cast  near  the  top.  In  fields,  the  top 
18  inches  or  more  is  permeated  with  humus  and  de- 
cayed vegetation,  which  is  responsible  for  the  dark 
color  and  its  familiar  name  "black  dirt." 

PIERCING  OF  WEATHER  UNE  CAUSES  SOFT  SPOTS 

Weather  line  of  the  third  stage. — Before  considering 
consistency,  it  is  well  to  divide  this  upper  stratum  into 
two  parts:  (1)  Stable;  and  (2)  unstable.  One  can 
never  be  certain  just  exactly  where  this  line  should 
be  drawn,  even  while  making  borings,  but  perhaps 
three-fourths  the  stratum  thickness  below  the  surface 
would  not  be  far  from  right  in  a  majority  of  cases. 
Above  this  line  oxidation  is  complete,  the  soil  is  thor- 
oughly weathered,  dark  in  color,  crisp,  firm,  friable  and 
crumbly,  and  is  normally  moist  or  quite  dry.  Below 
it,  the  color  is  lighter  brown,  the  texture  gummy  and 
unyielding,  and  the  consistency  is  generally  that  of 
stiff  putty.  Obviously,  this  line  represents  a  critical 
elevation,  since  cuts  that  either  pierce  it  or  approach 
it  too  closely  are  almost  certain  to  cause  trouble. 
Hereafter,  it  will  be  designated  and  referred  to  as  the 
"weather  line."  Above  it  complete  weathering  has 
occurred  and  conditions  are  stable.  Below,  and  be- 
tween it  and  the  residual  clay  line,  unstable  conditions 
are  found  since  the  soil  is  in  various  transitional 
stages  of  oxidation,  the  latter  process  probably  progress- 
ing in  increasing  degree  from  bottom  to  top. 

The  chemical  composition  of  the  clay  in  the  third 
stage  of  weathering,  above  and  below  the  weather  line, 
is  shown  in  Table  1 .  Practically  no  difference  can  be 
detected,  chemically,  between  the  stable  and  unstable 
conditions,  but  the  colloidal  content  of  the  unweathered 
portion  is  doubtless  very  high. 

The  entire  depth  of  the  loessal  deposit  as  well  as  the 
thickness  of  layers  in  any  one  of  the  three  stages  of 


weathering  can  naturally  be  expected  to  vary  con- 
siderably in  different  localities.  However,  12  feet  can 
be  said  to  be  the  most  common  depth  with  the  inter- 
mediate layers  spaced  proportionately.  On  this  basis, 
a  typical  section  (fig.  2)  may  be  described  as  follows: 
Total  thickness  of  deposit,  12  feet;  thickness  of  first 
stage,  4  feet;  thickness  of  second  stage,  4  feet;  thick- 
ness of  third  stage,  4  feet.  The  weather  line  in  this 
case  would  be  three-fourths  the  thickness  of  the  third 
stage,  or  3  feet  below  the  ground  surface. 
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Fig.  2.— Typical  diagram  of  three  degrees  of  weathering  of  the  loessal  clays  of 
Northeastern  Iowa 

Table  1.- — Chemical  compositions  of  soil  in  third  stage  of  weathering 


Substance 


Chemical  composi- 
tion of  stable  ma- 
terial   above 

weather  line 


Air-dry 
basis 


Silica  (Si  Oj) - 

Iron  and  aluminum  oxides  (FejCh,  AlaOs) 

Calcium  oxide  (CaO) -- 

Magnesium  oxide  (Mg  0) 

Alkalies  and  undetermined 

Loss  on  ignition 

Total 


Per  cent 
71.10 
17.16 
1.31 
1.30 
2.18 
6.95 


Hid.  nil 


Dry 

basis 


Per  cent 

76.41 

18.44 

1.41 

1.40 

2.34 


100.  00 


Chemical  composi- 
tion of  unstable 
material  below 
weather  line 


Air-dry 
basis 


Per  cent 
71.80 
16.41 
1.44 
1.32 
3.15 
5.88 


100.  00 


Dry 

basis 


Per  cent 

76.28 

17.44 

1.53 

1.40 

3.35 


100.00 


All  the  foregoing  discussion  has  been  confined  to 
soils  in  their  original  or  natural  state.  The  situation 
existing  in  failures  on  graded  roads  can  not  be  so 
simply  defined.  Here,  the  normal  processes  of  oxida- 
tion have  been  interfered  with  and  the  three  degrees 
of  weathering  are  not  so  clearly  apparent.  If  the  cut  is 
deep  enough  to  remove  the  third  stage  and  sufficient 
time  has  elapsed  to  allow  partial  oxidation  of  the  first 
stage,  only  soils  in  the  second  stage  of  weathering  may 
be&present.  In  time;  these  soils  would  no  doubt 
gradually  become  further  oxidized  and  finally  pass 
into  a  stable  condition,  but  it  would  be  futile  to  hazard 
a  guess  as  to  the  number  of  years  required.  The 
churning  and  kneading  action  of  traffic  also  complicates 
the  classification  by  producing  an  unnatural  mixture 
at  the  road  surface. 
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As  long  as  surplus  water  is  kept  away  from  the  upper 
2  feet  of  this  material  it  forms  a  firm  roadbed  with  a 
tough,  rubbery  crust.  Once  it  becomes  saturated, 
however,  (and  its  affinity  for  capillary  moisture  is 
very  great)  the  water  clings  tenaciously  and  whatever 
structure  it  may  have  possessed  is  immediately  broken 
up.  In  this  condition  it  is  extremely  soft,  sticky  and 
plastic,  and  shifts  about  readily  under  traffic.  If 
enough  water  is  present  it  can  be  made  to  flow  like 
thick  molasses. 

The  only  time  when  such  a  condition  occurs  naturally 
is  in  the  spring  of  the  year  when  frost  is  going  out  of 
the  ground  and  large  quantities  of  water  are  drawn 
from  the  wet  layers  beneath  by  capillary  action.  At 
this  time,  downward  movement  of  excess  water  is  shut 
off  by  frost  and  escape  into  side  ditches  is  prevented 
by  frosty,  plastic  shoulders.  If  tile  drains  are  present, 
the  chances  are  they  lie  in  a  bed  of  the  same  material 
which  has  flowed  over  and  effectually  sealed  the  joints. 
About  the  only  way  in  which  surplus  water  can  be  re- 
moved, then,  is  by  evaporation  which,  at  this  season, 
is  very  slow.  Relief  can  not  come  until  all  frost  is  gone 
and  the  opportunity  for  vertical  and  lateral  percola- 
tion is  presented. 

SOURCE  OF  WATER 

Nothing  was  more  clearly  demonstrated  in  the  in- 
vestigation than  that  water  is  not  delivered  under  pres- 
sure from  underground  sources,  either  as  springs  or 
seepage  veins.  The  water  is  purely  of  local  origin  and 
is  held  permanently  at  considerable  depths  by  the 
peculiar  capillary  properties  of  the  soil  in  question. 
In  only  a  few  instances  was  flowing  water  encountered 
and  these  were  in  localities  remote  from  failures  and 
at  depths  that  could  cause  no  trouble. 

In  most  of  the  test  holes,  a  layer  similar  to  soft 
putty  was  struck  at  a  depth  of  6  to  8  feet  and  this 
extended,  as  a  rule,  to  12  feet.  Below  this  point  the 
material  seemed  to  become  drier.  The  residual  sandy 
clays  were,  for  the  most  part,  relatively  dry.  This 
leads  to  the  belief  that  there  exists  permanently,  some- 
where between  the  ground  surface  and  the  residual  sub- 
surface, a  layer  of  saturated  material  which  dries  out 
slowly  by  percolation  from  below  and  evaporation  from 
above.  Local  rains,  of  course,  continually  replenish 
the  moisture  removed  in  this  way.  The  only  effect  of 
a  long,  hot  dry  summer  would  be  to  reduce  the  thick- 
ness of  the  saturated  layer. 


In  a  few  places,  the  roots  of  large  trees  had  extracted 
nearly  all  the  surplus  water  and  wherever  this  had  oc- 
curred, borings  showed  the  soil  to  be  quite  dry  or  merely 
damp  all  the  way  down.  Other  places  were  noted, 
however,  where  the  effect  of  trees  was  not  so  pro- 
nounced. Strange  as  it  may  seem,  the  soil,  in  midsum- 
mer is  noticeably  drier  in  the  failures  than  in  any  other 
part  of  the  road.  In  all  probability  this  is  due  to  the 
fact  that  the  loessal  blanket  is  usually  of  minimum 
thickness  in  failures,  causing  a  corresponding  thinness 
in  the  saturated  layer,  which  in  turn  produces  rela- 
tively dry  soil  conditions  because  less  water  is  held  in 
storage. 

A  good  idea  of  the  changes  in  moisture  content  that 
occur  between  April  and  July  may  be  had  from  Table 
2,  which  gives  comparative  data  on  material  taken 
from  the  same  points  and  same  depths  during  the 
months  named. 

MANNER  OF  OCCURRENCE 

From  the  foregoing  discussion  it  is  plain  that  when- 
ever cuts  of  more  than  2  to  4  feet  below  the  ground  sur- 
face are  made,  the  danger  zone  is  generally  entered  and 
a  failure  is  likely  to  occur  at  the  crest  of  the  puncture. 
(Case  I,  fig.  3.)  If  the  cut  is  deep  enough  entirely  to 
remove  the  loessal  deposit  and  intersect  the  residual 
subsurface,  failures  commonly  take  place  on  either  one 
or  both  sides  of  the  crest.  (Case  II,  fig.  3.)  In  this 
connection,  the  crest  of  the  puncture  may  or  may  not 
coincide  with  the  high  point  of  the  road  grade  line. 

Where  the  road  lies  in  a  steep  side-hill  cut,  the  stable 
material  from  the  high  side  has  generally  been  deposited 
in  the  outer  half  of  the  roadbed  and  soft  spots  normally 
develop  in  the  inner  half  only.  (Case  III,  fig.  3.) 
Occasionally  a  freak  formation  is  encountered  where 
deep  cuts,  penetrating  the  residual  subsurface,  do 
not  result  in  a  failure  on  either  side.  (Case  IV, 
fig.  3.) 

In  other  localities  the  improved  roadbed  was  ob- 
served to  be  3  feet  or  more  below  the  ground  surface 
with  no  failure  in  evidence.  Such  a  case  could  usually 
be  explained  by  the  fact  that  a  fill  or  only  a  very  light 
cut  had  been  made  on  the  old  roadbed  which  had  pre- 
viously been  eroded  well  below  the  original  surface. 
The  weather  line,  under  these  circumstances,  had  had 
sufficient  time  to  penetrate  below  the  grade  of  the  old 
road.     (Case  V,  fig.  3.) 


Table  2. — Comparative  moisture  properties  of  material  taken  from  the  sa?ne  points  and  depths  within  and  beyond  areas  of  failure  on 

the  Elkader-McGregor  Road  iv  Apiil  and  July 


Location  of  test  hole 


Station  556+75.     With- 
in failure. 


Station  553+00.    Be- 
yond failure. 


Depth  of 
strata 


Feet 
0.5  to   4.8 
4. 8  to   9. 1 
9. 1  to  13.  4 

13.4  to  16 

4. 9  to  6. 1 

6. 1  to    8. 9 

8.  9  to  17.  9 
17.9  to  18 


Depth, 

July 
sample 


Feet 
2.8 

4.8 

9.8 

13.8 


Description 


Mottled  gray  and  brown,  well  mixed  (second  stage). 

Pure  gray  with  limonite  (first  stage) 

Yellow-brown  sandy  clay  (residual) 

Same — slight  changes  in  texture 


5.  8  Light  brown  clay  (third  stage  below  weather  line)... 

i  Mottled  gray  and  brown  (second  stage) 

10. 1  j  Pure  gray  with  limonite  striations  (first  stage) _. 

Sandy  blue  clay  (residual) 


Consistency 


Soft  putty. 
....do 


Stiff  put  . 
Forms  ball. 
Soft  putty... 


.do. 


....do 

Stiff  putty. 


Capil- 
lary 

capac- 
ity 


Per  cent 
33.8 
34.5 

33.7 
28.0 

26.2 

38.2 

34.5 
33.8 


Moisture  equiva- 
lent 


April 
tests 


Per  cent 
22.1 

24.8 

18.0 

20.7 

31.6 

32.2 

22.8 
16.8 


July 
tests 


Per  cent 
27.6 
27.6 
24.8 
23.8 
23.4 
20.8 
22.2 
19.2 
20. 
25.1 
26.7 
25.0 
27.4 
27.8 
27.8 
27.4 


f  251    I 

{  26.7    \ 

I  25.0   J 

f  27.4    1 

\  27.8    / 

{  i:S 


Moisture  content 


April, 
1925 


Per  cent 
25.9 

2.5.  4 

18.5 

18.3 


Julv, 
1925 


29.3 

26.2  ! 

24.2 
17.0 


Per  cent 
26.4 

25.0 

21.5 

18.2 

30.2 

25.7 
24.3 
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ORIGINAL  SURFACE 


CASE  I  N 

LIGHT  CUT  WITH  FAILURE  AT  CREST  OF  PUNCTURE 
(<t  PROFILE) 


ORIGINAL  SURFACE 


case  n 

HEAVY  CUT  WITH  FAILURES  ON  EACH  SIDE  OF  CREST 
(t  PROFILE) 


ORIGINAL  SURFACE- 


CASE  TU 

SIDE-HILL  CUT  WITH   FAILURE  AT  INNER  SIDE 
(CROSS  SECTION) 


ORIGINAL  SURFACE 


FREAK  FORMATION   IN  HEAVY  CUT  WITH  NO  FAILURES 
(t  PROFILE) 


CASE  V 

INFLUENCE  OF  OLD  ROAD  IN  PREVENTING  NORMAL  FAILURES 

(<t  PROFILE) 

Fig.  3.— Classes  of  cuts  in  Clayton  County  roads  and  their  effect  upon  the  location 

of  failure 


PROPOSED  TREATMENT 

For  improved  roads.- — As  remedies  for  existing  fail- 
ures, many  ideas  have  been  advanced  and  these  will  be 
touched  upon  later,  but  it  seems  to  the  writer  that  the 
simplest,  cheapest,  and  most  practical  method  would  be 
to  duplicate  within  the  failures  conditions  that  have 
been  found  to  exist  outside,  beyond  either  extremity. 
This  means  that  the  unstable  material  now  present 
must  be  entirely  removed  to  a  depth  of  at  least  2  feet 
and  well-weathered  topsoil  or  "black  dirt"  used  to 
replace  it.  Every  facility  should  be  provided  to  allow 
the  water  from  melting  frost  to  escape  to  the  side 
ditches  without  puddling  at  the  surface. 

For  this  purpose,  the  writer  believes  the  excavation 
should  extend  entirely  across  the  roadbed,  should  be 
given  a  slight  crown,  and  should  be  paved  with  a  thin 
layer  of  tough  sod  or  grass  roots  (no  long  grass  or  weeds) 
before  backfilling  with  topsoil.  The  sod  would  then 
act  as  an  insulating  layer  separating  the  stable  and  un- 
stable material  and  would  also  provide  a  permeable  mat 
through  which  the  water  that  rises  from  below  could 
seep  into  the  side  ditches  and  flow  away.  Any  organic 
matter  like  sod  will  naturally  rot  in  time,  but  if  air  is 
excluded  and  the  sod  is  kept  moist,  it  is  believed  that 
its  decomposition  will  proceed  very  slowly.  Even  after 
it  has  rotted  out,  many  minute  root  cavities  willl  re- 
main and  provide  a  permeable  passageway  for  seepage. 
Such  use  of  sod  can  be  defended  on  the  ground  that  it 
is  always  removed  from  the  base  of  earth  dikes  and 
dams  for  the  reason  that  it  does  permit  easy  percolation 
of  water. 

The  side  ditches  should  of  course  be  deep  enough 
and  have  sufficient  fall  to  assure  the  removal  of  seepage 
water  as  rapidly  as  it  arrives.  Any  rain  that  falls 
during  the  critical  period  will  be  disposed  of  in  the 
same  way  as  in  other  parts  bf  the  road.  Care  should 
be  taken  to  see  that  the  topsoil  extends  well  beyond 
the  limits  of  the  failure  and  that  it  feathers  out  into 
the  stable  portions  of  the  road.  One  other  point  that 
commends  itself  in  this  regard  is  the  fact  that  all 
materials  necessary  for  the  treatment  are  available  at 
the  site  where  needed.  The  essential  features  of  the 
treatment  by  this  method  are  shown  graphically  in 
Figure  4. 

Two  of  the  worst  failures  in  the  entire  section  were 
treated  in  this  manner  during  the  fall  of  1925,  and  an 
inspection  made  during  April  showed  the  treated  sec- 
tions to  be  in  good  condition,  although  soft  spots  have 
developed  as  usual  in  other  cuts  and  in  the  locations 
predicted. 

For  unimproved  roads. — For  roads  not  yet  improved 
in  this  section,  two  methods  of  procedure  suggest 
themselves.  Either  (1)  the  grade  line  can  be  adjusted 
to  avoid  cutting  the  hills  by  making  heavy  fills  with 
borrowed  earth,  or  (2)  cuts  and  fills  can  be  balanced 
in  the  usual  way  by  making  allowance  for  the  extra 
depths  of  excavation  in  cuts  necessary  to  provide  for 
replacement  with  weathered  material.  The  writer 
is  inclined  to  favor  the  second  method  since  construc- 
tion can  be  carried  on  in  the  customary  way  and  the 
treatment  can  be  provided  at  small  additional  cost; 
but  some  situations  no  doubt  exist  where  the  first 
method  would  be  preferable.  In  the  long  run,  of 
course,  topographical  conditions  would  determine 
which  is  the  most  feasible  in   any  given  case.     The 
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first  method,  however,  does  possess  a  real  advantage 
in  that  it  is  not  dependent  on  experimental  support  to 
insure  its  success. 

OTHER  PROPOSALS 

Rock  treatment. — Figure  5  illustrates  the  method  of 
rock  treatment,  suggested  by  Mr.  Hutton,  that  has 
been  tried  with  considerable  success  in  a  number  of 
failures.  The  chief  objection  to  its  use  lies  in  the 
expense  of  application  and  the  fear  of  some  engineers 
that  it  will  prove  to  be  temporary,  since  water  has 


PROFILE    GRADE 
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2"  SOD   WEEP  MAT-  NO  L0N6  GRASS  OR  WEEDS 

Fig.  4. — The  essential  features  of  the  top  soil  or  black  dirt  treatment.    Any 
existing  tile  lines  should  be  excavated  and  relaid  in  black  dirt 

been  observed  oozing  up  between  the  rocks.  This  or 
any  other  method  would  doubtless  be  more  effective 
and  traffic  conditions  would  be  greatly  improved  if  the 
unstable  shoulders  were  entirely  removed. 

Sand  treatment. — The  method  of  replacing  the  un- 
stable material  in  failures  with  sand  undoubtedly 
possesses  considerable  merit.  Sand  is  heavier  than 
"black  dirt"  and  may  make  a  firmer  roadbed  without 
hindering  the  passage  of  water.  Its  grains  lack  cohe- 
sion, however,  and  it  would  probably  work  its  way 
down  into  the  saturated  clay  and  disappear  (as  gravel 
does  at  present)  unless  separated  from  the  clay  by  a 
layer  of  boards  or  other  impenetrable  material.  In 
exceptional  places,  where  the  grade  line  lies  only  a 
foot  or  so  above  the  residual  subsurface,  sand  dumped 
into  the  failure  would  effect  a  cure. 

Lime. — The  addition  of  large  quantities  of  lime, 
well  mixed  with  the  clay,  would  be  of  considerable 
benefit  in  breaking  up  its  dense  and  gummy  structure. 
Experiments  may  show  that  this  process  progresses 
to  a  sufficient  extent  to  cause  relief.  It  is  common 
practice  among  farmers  to  use  lime  for  this  purpose. 

Use  of  tile. — There  is  little  doubt  that  the  benefits 
from  tile  drains  as  ordinarily  laid  in  this  material  do 
not  justify  their  cost.  Even  if  their  joints  are  not 
sealed  by  the  plastic  clay,  the  tile  lie  at  such  a  depth 
as  to  be  below  the  thaw  line  for  several  weeks  and 
hence  are  rendered  inoperative  at  the  most  critical 
time.  After  the  frost  has  disappeared,  however,  they 
certainly  would  have  some  effect  (with  open  joints) 
in  reducing  the  amount  of  water  present  at  the  time 
of  freezing  in  the  fall. 

The  writer  can  not  help  but  believe  that  a  line  of  tile 
under  either  one  or  both  shoulders,  laid  in  a  thick  bed 
of  "black  dirt,"  with  spurs  angling  into  the  failures 
at  frequent  intervals,  might  effect  a  cure.  If  used  in 
conjunction  with  other  methods,  such  tile  would  surely 
serve  to  produce  less  aggravated  conditions  in  the 
spring. 

Trees. — All  trees,  and  especially  some  varieties  such 
as  willows,  have  a  well-known  capacity  to  absorb 
large  quantities  of  water  during  the  growing  season. 
Wherever  a  number  of  trees  were  found  during  the 
investigation  close  to  the  right  of  way,  their  effect  on 
the  moisture  content  of  the  roadbed  was  noticeable, 
and  some  stretches  of  good  road  can  be  cited  that 


would  probably  have  been  failures  without  the  protect- 
ing presence  of  trees.  Where  large  trees  exist  at  the 
site  of  cuts,  their  presence  constitutes  a  fortunate  coin- 
cidence. To  plant  them,  however,  and  then  await 
their  slow  development,  can  hardly  be  seriously  con- 
sidered as  a  measure  of  practical  relief. 

Burning. — The  writer  has  been  informed  on  good 
authority  that  some  railroad  companies,  owning  mile- 
age in  similar  soil  conditions,  make  a  practice  of  burn- 
ing the  clay  to  hasten  oxidation  and  destroy  its  un- 
stable properties.  Briefly,  the  process  is  said  to  con- 
sist in  stripping  off  the  top  layer,  applying  a  hot  flame 
to  the  subgrade  and  then  replacing  the  surface  soil 
in  its  original  position.  This  kind  of  treatment  would 
necessitate  a  large  plant  investment,  would  require 
skilled  labor  to  operate  it,  and  would  be  expensive  to 
maintain.  It  might  be  tried  in  case  the  less  expensive 
and  more  practicable  methods  failed  to  give  relief. 

Short  sections  of  pavement. — It  is  said  to  be  customary 
in  Wisconsin  to  cure  isolated  soft  spots  (presumably 
of  the  same  nature  as  those  in  northeastern  Iowa)  by 
constructing  short  sections  of  concrete  pavement  to  dis- 
tribute traffic  loads  over  wider  areas  and  thus  prevent 
failure.  This  practice  has  many  features  to  commend 
it  if  the  necessary  expense  can  be  met.  Some  doubt 
would  seem  to  exist,  however,  as  to  whether  a  perma- 
nent pavement  could  be  easily  maintained  with  such 
unstable  material  directly  beneath. 

Temporary  expedients. — In  order  to  avoid  closing  the 
roads  altogether  for  several  weeks  in  the  spring,  it  is 
common  practice  to  bridge  over  the  failures  with 
heavy  planks,  laid  directly  on  the  yielding  surface. 
The  planks  are  later  removed  and  piled  at  some  con- 
venient point  for  use  the  following  spring.  This  prac- 
tice requires  no  comment  other  than  that  it  can  not 
be  condoned  on  any  but  emergency  grounds. 
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TYPE    B   (WHERE    NO  TILE    LINES  EXIST) 

Fig.  5. — Rock  and  gravel  surface  treatments  shown  on  the  plans  of  the  Iowa  State 
Highway  Commission 

Another  temporary  expedient,  has  been  to  corduroy 
the  wet  spots  with  logs  and  long  timbers  placed  trans- 
versely across  the  road.  This  primitive  method  is  of 
historical  interest  since  it  has  been  used  from  time  im- 
memorial to  bridge  any  and  all  kinds  of  mud  holes, 
and,  where  logs  can  be  kept  permanently  wet,  it  is 
entitled  to  some  consideration.  At  least  it  can  boast 
the  merit  of  cheapness. 

(Continued  on  page  66) 


THE  VALUE  OF  THE  FOREMAN  ON  FRESNO  AND 

WHEEL  SCRAPER  WORK 

Reported  by  ANDREW  P.  ANDERSON,  Highway  Engineer,  Bureau  of  Public  Roads 


THE  value  of  the  foreman  in  road  grading  work 
with  fresnoes  and  wheel  scrapers  is  well  illus- 
trated by  data  recently  obtained  on  two  jobs 
studied  by  the  division  of  control  of  the  Bureau  of 
Public  Roads. 

The  first  study  was  a  fresno  job  on  which,  at  first, 
there  was  practically  no  effective  supervision,  although 
the  work  was  nominally  in  charge  of  a  very  inefficient 
foreman.  Later  this  same  outfit,  while  operating  on 
the  same  job  and  under  practically  identical  conditions, 
was  placed  under  the  supervision  of  a  foreman  who 
effectively  devoted  his  entire  time  to  the  work.  The 
difference  in  the  rate  of  operation  at  once  became 
apparent  and  is  clearly  shown  by  the  graphs  in  Figure  1. 

Before  the  new  foreman  took  hold  of  the  job,  the 
time  taken  for  the  performance  of  the  several  opera- 
tions involved  in  a  round  trip,  other  than  the  direct 
haul  and  return  amounted  to  1.84  minutes,  or  110 
seconds,  and  the  teams  were  driven  at  an  average  rate 
of  only  179  feet  per  minute — a  trifle  more  than  2 
miles  per  hour — which  is  abnormally  slow.  When  the 
foreman  took  charge,  however,  the  time  constant  went 
down  to  1.12  minutes  or  67.2  seconds,  while  the  aver- 
age speed  of  the  teams  increased  to  217  feet  per  minute 
or  almost  2J^  miles  per  hour.  The  time  of  performing 
the  operations  of  loading,  turning,  and  dumping,  in- 
cluding all  waits  was,  therefore,  reduced  from  1.84 
minutes  to  1.12  minutes,  or  39  per  cent,  and  the  aver- 
age operating  speed  of  the  teams  was  increased  from 
179  feet  per  minute  to  217  feet,  or  21  per  cent. 

The  effect  on  the  size  of  the  average  load  carried  to 
the  dump  was  also  very  marked.  Before  the  new  fore- 
man arrived  the  average  load  carried  to  the  dump  was 
0.23  cubic  yard.  After  his  arrival  the  average  load 
increased  to  0.28  cubic  yard,  or  over  21  per  cent.  For 
a  haul  of  100  feet  the  output  of  the  outfit  was  thus  in- 
creased about  83  per  cent,  while  for  a  400-foot  haul,  the 
corresponding  increase  in  output  amounted  to  about 
64  per  cent.  The  comparative  effect  of  the  foreman  on 
the  various  operations  is  shown  in  more  detail  in  Table 
1,  which  represents  the  average  results  of  two  weeks  of 
operation  of  the  outfit  under  practically  identical  con- 
ditions except  as  to  supervision. 

Table    1. — Stop-watch  study  of  the  fresno  job  before  and  after 
arrival  of  foreman 


Most  grading  work  and  fresno  and  wheeler  work  in 
particular,  consists  of  the  consecutive  performance  over 
and  over  again  of  comparatively  few  and  relatively 
simple  operations.  Consequently  even  very  slight 
increases  in  the  average  time  taken  to  perform  each  or 
any  of  these  repetitive  operations  accumulate  during 
the  course  of  the  day  to  rather  surprising  totals,  which 
are  clearly  reflected  in  the  reduced  output.  It  is, 
therefore,  not  necessary  for  a  grading  outfit  to  cease 


Operation 

Average  time 
required 

Difference 

With 
foreman 

Without 
foreman 

Loading 

"  Seconds 
14.4 
17.3 
14.0 
3.4 

Seconds 

19.3 

20.6 

18.8 

5.3 

Seconds     Per  c 
4.9    1 
3.3 
4.8 
1.9 
28.0 

ml 
125 

i  16 

'26 

Throwback  .                            

•36 

18.  0    1        46.  0 

>  61 

67.1 

110.0 

42.9 

139 

.28 
217 

.23 

179 

.05 
38 

2  21 

Average  speed  of  teams  (feet  per  minute)  - 

2  21 

if* 

j?/     y/ 

4/ 

1  Decrease. 


Increase. 


TIME  PER  ROUND  TRIP-MINUTES 
Fig.  1. — Effect  of  supervision  on  r^te  of  operation  of  the  fresno  outfit 

operation  for  even  the  briefest  periods  in  order  to  de- 
crease its  output  by  as  much  as  25  per  cent,  especially 
on  short  hauls.  All  that  is  necessary  is  an  almost 
unconscious  and  scarcely  apparent  slowing  down  of  the 
average  rate  of  performance  sufficient  to  add  a  few 
seconds  to  the  time  required  for  each  of  the  several 
operations.  The  inexperienced  observer  would  prob- 
ably be  unable  to  notice  any  loafing  and  even  the  work- 
men may  honestly  believe  that  they  are  just  as  busy  and 
working  just  as  hard  in  one  case  as  the  other.  Only  a 
stop-watch  analysis  or  a  check  of  the  yardage  moved 
will  fully  demonstrate  the  difference  between  operation 
directed  with  forethought  and  precision  and  the  merely 
aimless  hurry  of  undirected  operation. 

From  Table  1  it  will  be  seen  that  in  this  case  the 
slowing  down  was  of  a  rather  aggravated  form,  and 
extended  to  every  one  of  the  operations,  including  even 
the  speed  of  the  teams  and  the  size  of  the  loads.  Gener- 
ally, especially  during  short  periods  of  nonsupervision, 
the  speed  of  the  teams  and  the  size  of  the  load  carried 
to  the  dump  will  be  affected  but  little. 

WHAT  THE  WHEELER  STUDY  SHOWED 

The  wheeler  outfit  presented  a  somewhat  different 
set  of  conditions.  The  stock  was  good,  the  equipment 
first  class,  and  the  men  well  trained.  Ordinarily  the 
supervision  was  excellent  and  the  outfit  was  operating 
at  a  rate  well  above  the  average.  For  some  reason, 
however,  it  became  necessary  for  the  foreman  to  be 
absent  for  a  period.  The  effect  on  the  rate  of  operation 
was  immediate  and  striking,  as  shown  by  Figure  2. 
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Under  the  supervision  of  the  foreman  the  time  con- 
stant for  loading,  turning,  and  dumping  and  all  neces- 
sary waits  was  only  1.81  minutes.  During  his  absence 
this  time  increased  at  once  to  2.65  minutes,  an  increase 
of  46  per  cent.  But  the  average  speed  of  the  teams  did 
not  change  appreciably.  This  was  probably  due,  in 
part,  to  the  fact  that  in  wheeler  work  the  pull  is  very 
light  during  the  main  hauling  operation  where  the  grade 
is  good,  as  in  this  case,  and  in  part  to  the  fact  that 
teams  when  in  good  condition  and  not  overworked  tend 
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scraper  outfit 


to  maintain  a  fairly  even  pace.  Furthermore,  the 
morale  of  the  outfit  was  good,  so  there  was  no  con- 
scious intent  to  slow  up  the  pace  or  decrease  production. 
This  is  further  reflected  in  the  fact  that  no  decrease 
was  noticeable  in  the  average  size  of  the  load  carried  to 
the  dump  as  determined  from  a  count  of  their  number 
and  a  careful  cross-sectioning  of  the  cut. 

In  this  case  it  was  apparent  that  the  slowing  up  was 
entirely  unconscious ;  and  it  was  manifested  only  in  the 
slightly  greater  time  required  for  each  of  the  repetitive 
operations  of  loading,  turning,  dumping,  etc.,  which, 
especially  on  short  hauls,  consume  such  a  surprisingly 
large  part  of  the  working  day.  On  a  100-foot  haul  the 
output  of  the  outfit  was  decreased  34  per  cent,  but  on  a 
500-foot  haul,  since  the  speed  of  the  teams  remained 
constant,  the  decrease  in  output,  caused  by  the  slowing 
up  of  the  loading  and  dumping  operations,  was  only 
about  16  per  cent. 

The  influence  of  the  foreman  may  be  seen  more 
clearly,  perhaps,  by  an  examination  of  the  output  per 
fresno  and  per  wheeler  as  found  in  these  studies.  Thus, 
when  no  foreman  was  present  on  the  job,  the  output 
per  fresno  on  a  100-foot  haul  was  20  trips  per  hour, 
carrying  a  total  of  4.6  cubic  yards  of  material  to  the 
dump.  As  soon  as  the  new  forman  had  taken  charge  of 
the  work  this  changed  to  30  trips  per  hour  carrying  8.4 
cubic  yards.  In  other  words,  the  simple  change  from  a 
careless  foreman,  frequently  absent,  to  an  alert  man, 
constantly  on  the  job,  served  to  increase  the  amount  of 
material  each  fresno  placed  in  the  dump  when  operating 
on  a  100-foot  haul  by  3.8  cubic  yards  per  hour.  If 
figured  at  only  20  cents  a  cubic  yard  the  value  of  the 
increased  output  per  10-day  hour  for  each  fresno  was 
practically  sufficient  to  pay  the  entire  wages  of  the 
foreman.  When  the  haul  was  400  feet  long  the  dif- 
ference in  the  hourly  output  of  each  fresno  amounted 
to   1.36  cubic  yards  or  13.6  cubic  yards  per  10-hour 


day  per  fresno.  If  the  value  to  the  contractor  of 
material  placed  in  the  dump,  even  on  this  longer  haul, 
were  no  greater  than  on  the  short  haul,  the  increased 
output  from  three  fresnoes  would  be  more  than  sufficient 
to  pay  the  foreman's  wages.  And  since  five  fresnoes 
were  usually  on  the  job  it  can  readily  be  seen  that  a 
handsome  profit  still  remained  for  the  contractor  by 
virtue  of  the  increased  output  the  foreman  brought  to 
the  job. 

On  the  wheeler  job  the  mere  temporary  absence  of 
the  foreman  caused  the  output  per  wheeler  to  shrink 
from  8  to  6  cubic  yards  per  hour  on  a  100-foot  haul  and 
from  3.7  cubic  yards  to  3.2  cubic  yards  per  wheeler 
per  hour  on  the  500-foot  hauls.  The  foreman's 
absence,  therefore  cost  the  contractor  2  cubic  yards  per 
hour  for  each  wheeler  operating  on  the  100-foot  haul 
and  one-half  cubic  yard  per  hour  for  each  wheeler  on  the 
500-foot  haul.  Since  there  were  usually  five  wheelers 
on  the  job  operating  on  the  basis  of  a  10-hour  day  it  is 
clear  that  the  contractor  took  a  decided  loss  over  and 
above  the  wages  of  the  foreman  during  every  hour  he 
was  absent  from  the  job. 

If  these  two  studies  are  representative  of  average 
conditions  there  would  seem  to  be  no  room  for  doubt 
that,  on  the  ordinary  grading  job,  a  good  foreman  more 
than  pays  his  own  wages  in  the  form  of  increased  output 
and  is  therefore  a  necessary  and  vital  part  of  the 
outfit. 

(Continued  from  page  64) 

Freak  remedies. — Among  the  freak  remedies  that 
have  been  proposed  may  be  listed,  (1)  chemical  treat- 
ment, by  which  the  weathering  process  will  be  com- 
pleted overnight  through  the  injection  of  some  cheap 
chemical  compound,  and  (2)  the  introduction  of  saw- 
dust, hay,  manure,  or  other  rubbish  into  the  failures 
with  the  hope  that  some  magic  effect  will  be  produced 
that  can  not  be  clearly  explained.  It  seems  hardly 
necessary  to  add  that,  if  any  such  remedies  should 
meet  with  success,  the  good  fortune  will  be  purely 
accidental. 

Since  no  theory  is  worth  much  until  it  has  been 
tested  by  actual  experience,  the  writer  is  in  hearty 
sympathy  with  the  plan  to  try  a  number  of  remedies 
that  seem  most  feasible,  with  the  view  of  adopting 
the  one  that  proves  best  for  general  recommendation 
and  use.  He  believes,  however,  that  each  experi- 
mental treatment  should  be  carefully  installed,  under 
close  supervision,  so  as  to  insure  a  fair  trial  to  all. 

MARYLAND  TO  STUDY  CONCRETE  CURING 

Field  tests  to  determine,  the  relative  merits  of  the 
conventional  method  of  curing  concrete  with  an  earth 
covering  as  compared  to  concrete  containing  an  admix- 
ture of  calcium  chloride  with  sodium  silicate  squeegeed 
on  the  surface  are  to  be  conducted  by  the  Maryland 
State  Roads  Commission.  The  Bureau  of  Public 
Roads  plans  to  have  an  observer  present  during  the 
tests.  Three  sections  of  road  each  about  4,000  feet  in 
length  are  to  be  built  on  the  Maryland  road  system 
about  20  miles  from  Washington. 

A  unique  feature  of  the  tests  is  that  double  cylin- 
drical molds  are  to  be  placed  on  the  subgrade  and  filled 
and  cured  as  a  part  of  the  pavement.  Compression 
tests  on  these  specimens  will  be  made  at  ages  oi  1,  3,  7, 
14,  and  21  days. 


COMPARISON  OF  TRANSVERSE  AND  COMPRESSIVE 

TESTS  OF  CONCRETE 

By  H.  F.  CLEMMER,  Formerly  Engineer  of  Materials,  Illinois  Department  of  Public  Works 


IT  IS  of  primary  importance  in  designing  a  concrete 
pavement  to  be  ac>le  to  predict  within  reasonable 
limits  the  actual  strength  of  the  completed  slab. 
ks  Portland  cement  concrete  has  been  used  in  the  past 
Drincipally  where  it  has  been  subjected  to  compressive 
stresses,  the  compressive  test  has  come  to  be  general 
practice,  and  it  has  been  carried  over  into  the  field 
)f  concrete  pavement  investigations,  although  it  is 
i  recognized  fact  that  rigid  type  pavements  are  sub- 
jected to  transverse  stresses.  This  fact,  together  with 
ihe  wide  variation  in  the  results  of  compressive  tests 
)n  cores  taken  from  pavements,  has  prompted  general 
nterest  in  the  question  as  to  whether  the  compressive 
;est  may  be  taken  as  a  direct  measure  of  the  transverse 
strength  of  the  payment. 


Fig.  1. — Apparatus  used  in  making  transverse  tests  of  concrete  specimens 

The  Illinois  Department  of  Public  Works  has  tested 
i  great  many  cores  drilled  from  concrete  pavements 
ind  in  common  with  the  experience  in  other  States 
nas  found  a  wide  variation  to  exist  in  the  compressive 
strength  of  the  cores  taken  from  the  same  job.  The 
results  have  been  such  as  to  suggest  that  the  nonuni- 
Ebrmity  may  be  due  to  the  conditions  surrounding  the 
best  rather  than  variation  in  the  quality  of  the  concrete. 
[f  such  is  the  case  this  test  indicates  neither  the  true 
compressive  nor  the  flexural  strength  of  the  slab.  To 
throw  light  on  this  point  a  series  of  laboratory  tests 
svas  conducted  to  determine  the  relation  between  the 
Elexural  and  compressive  strengths  of  the  same  concrete. 

Two  hundred  test  beams  were  cast,  2  from  each  of  100 
batches  and  each  beam  was  6  by  8  by  30  inches  in  size. 
The  beams  were  divided  into  three  groups  and  one  group 
tested  at  14  days,  another  at  28  days  and  the  third  at 
90  days.  Two  transverse  tests  were  made  on  each  beam 
and  three  compressive  tests  were  made  on  cores  drilled 
from  the  sections  broken  in  the  transverse  test. 

The  transverse  strengths  were  determined  by  a 
method  developed  by  the  Illinois  laboratory  which 
has  been  found  to  be  very  satisfactory.  The  beams 
are  supported  as  cantilevers  and  a  wooden  extension 
arm  is  secured  to  their  free  ends.  At  its  outer  end  the 
extension  arm  carries  a  bucket,  as  shown  in  Figure  1, 
into  which  shot  or  water  is  permitted  to  flow  from 


another  container  equipped  with  a  quick-acting  valve. 
Uniform  application  of  load  is  thus  assured,  and  the 
flexural  stress  at  the  instant  of  breaking  can  be  com- 
puted by  taking  into  account  the  weight  of  the  over- 
hanging part  of  the  specimen  and  that  of  the  extension 
arm  as  well  as  the  weight  of  the  bucket  and  the  shot 
or  water  it  contains.  The  length  of  the  specimen 
and  the  method  of  mounting  are  such  as  to  permit 
more  than  one  test  to  be  made  on  each  specimen; 
and  it  is  particularly  interesting  to  note  that  the 
results  of  tests  of  the  same  specimen  rarely  vary  by 
more  than  a  small  percentage,  and  that  exact  coin- 
cidence of  results  is  not  uncommon.  Figure  2  illustra- 
tes the  apparatus  in  use.1 

An  interesting  comparison  of  the  flexural  and 
compressive  tests  of  identical  specimens  is  afforded 
by  Table  1  in  which  are  listed  the  results  of  the  two 
kinds  of  tests  on  15  specimens  chosen  at  random  from 
the  200  beams  tested.  For  each  specimen  the  table 
shows  the  results  of  two  transverse  and  two  compres- 
sive tests  and  the  differences  between  them  expressed 
in  pounds  per  square  inch  and  as  percentages  of  the 
minimum  strength  observed  for  each  beam. 

Table   1. — Comparison    of   transverse    and    compressive    strength 
of  concrete  specimens 


Transverse  strength 

Compressive  strength 

Breaking 

strength 

Difference  in  strength 
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}             17 

}             » 
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}             - 

}             - 
|             36 
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0.4 
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2.6 

2.4 
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2.0 

0.3 

3.4 

5.0 
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0.8 

5.0 
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1,008 
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79.6 

56.2 

60.1 
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76.2 

47.9 

138.5 
62.1 
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105.4 
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36.5 
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|        1,600 
}           840 
}        1,465 
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|        1,560 
}        1,310 
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|        1, 680 
}        1,110 

376 

2,165 

415 

3,520 

439 

2,140 

467 

3,700 

479 

2,100 

564 

2,610 

551 

1,770 

389 

2,530 

353 

1,065... 

518 

2,520 

529 

1,555 

479 

2,760 

465 

1,610 

441 

2,900 

456-- 

438 

1,400 

3,040 

416 

1,480 

559 

2,150 

3,460 

530 

2,005 

526 

2,940 

518 

3,400 

455 

1,720.. 

614 

4,150 

573. 

3,040 

3.7 

72 

The  wide  variation  between  the  compressive 
strengths  observed  for  the  same  specimen  is  typical 
of  the  difference  observed  in  tests  of  cores  drilled  from 
the  same  sections  of  concrete  pavement.  That  no 
such  difference  exists  in  the  actual  strength  of  the 
concrete  is  clearly  indicated  by  the  remarkable  con- 


i  This  apparatus  is  now  being  used  by  a  number  of  other  laboratories  including 
that  of  the  Bureau  of  Public  Roads. 
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sistency  of  the  transverse  tests.  The  location  and  dis- 
tribution of  the  coarse  aggregate  within  the  core  as  well 
as  the  nature  and  size  of  the  coarse  aggregate  underlying 
the  surface  doubtless  affect  the  compressive  test  results ; 
and  the  different  moduli  of  elasticit}7  of  the  coarse  aggre- 
gate and  the  surrounding  mortar  must  also  be  considered, 
especially  when  the  cores  are  tested  in  a  universal  testing 
machine  which  applies  the  load  at  a  nonuniform  rate. 


Fig.  2. — Apparatus  used  in  determining  transverse  breaking  strength  of  concrete 

beams 

Analysis  of  the  results  of  these  tests  suggests  several 
questions,  among  which  the  following  seem  to  be  of  suffi- 
cient importance  to  warrant  further  investigation: 
(1)  Does  the  nature  and  strength  of  the  outer  layer  or 
tensile  fiber  control  the  break  in  the  transverse  test  or 
does  the  whole  cross  section  at  the  plane  of  failure  con- 
trol it?  (2)  To  what  extent  does  the  relative  moisture 
content  in  cylinders  and  beams  affect  the  respective 
test  results?  (3)  To  what  degree  does  the  rate  of 
application  of  the  load  affect  the  test  results?  (4) 
Does  the  drilling  of  cores  with  the  Calyx  core  drill 
cause  any  structural  damage  to  the  resulting  core  that 
reveals  itself  in  the  compression  test? 

Mainly  to  provide  the  answers  to  these  questions 
the  committee  on  tests  and  investigation  of  the  Amer- 
ican Association  of  State  Highway  Officials  has  planned 
a  series  of  tests  to  be  assigned  to  various  cooperating 
agencies  including  the  Illinois  highway  laboratory. 
The  tests  contemplated  are  as  follows: 

1.  A  series  of  tests  on  drilled  and  cast  cores  of  con- 
crete in  which  bearing  areas  have  been  carefully  pre- 
pared by  tfie  arrangement  of  a  given  number  of  pieces 
of  coarse  aggregate.  This  test  is  suggested  by  G.  W. 
Hutchinson,  former  testing  engineer  of  the  North  Caro- 
lina Highway  Commission.  It  has  the  object  of  deter- 
mining the  effect  of  the  distribution  of  aggregate  on 
compressive  strength.  Tests  will  be  varied  to  include 
many  combinations  of  aggregates.  Age  variation  will 
not  be  an  important  factor. 

2.  Tests  to  determine  the  effect  of  drilling  on  the 
strength  of  cores. 

3.  Tests  to  determine  the  distribution  of  fiber  stress  in 
concrete  beams.  This  may  be  accomplished  by  testing 
specially  constructed  beams  having  monolithic  built-up 
layers  of  various  types  and  thicknesses  of  concrete. 

4.  Development  of  a  compression  test  in  which 
uniform  application  of  load  is  obtained. 

5.  A  series  of  tests  to  determine  the  effect  of  moisture 
content  on  both  compressive  and  transverse  strength 
of  concrete. 


o 


SLABS  FOR  DELAWARE  RIVER  BRIDGE  TESTED 

During  the  last  four  months  the  Bureau  of  Public 
Roads  in  cooperation  with  the  Delaware  River  Bridge 
Joint  Commission  has  conducted  tests  on  concrete  slabs 
similar  in  design  to  those  used  on  the  Delaware  River 
bridge  but  smaller  in  size.  This  bridge  now  nearing 
completion  is  the  longest  suspension  bridge  yet  con- 
structed. The  span  between  towers  is  1,750  feet  and 
the  bridge  is  carried  by  two  30-inch  cables. 

The  floor  system  consists  of  6-inch  concrete  slabs  of 
1:1^:3  mix  with  a  23^-inch  asphaltic  wearing  sur- 
face. The  slabs  are  57  feet  long,  Dy  41  feet  wide  and 
are  supported  by  girders  spaced  3  feet,  10  inches  and 
running  parallel  to  the  long  axis  of  the  slab.  The  slabs 
are  reinforced  with  fabricated  trusses  43^  inches  deep, 
spaced  6  inches  on  centers  and  running  normal  to  the 
supporting  girders  and  also  with  ^-inch  round,  de- 
formed bars  spaced  6  inches  in  the  bottom  and  12  inches 
in  the  top,  both  sets  running  parallel  to  the  girders. 

To  check  the  adequacy  of  this  design  a  slab  similar  in 
design  and  method  of  support  but  with  only  one-sixth 
the  area  and  without  the  asphaltic  surface  was  con- 
structed at  the  Arlington  experimental  station  of  the 
bureau.  Materials  were  the  same  as  those  used  in  the 
bridge  floor.  Test  cylinders  of  the  concrete  showed  a 
compressive  strength  of  5,000  pounds  per  square  inch. 

The  first  test  consisted  of  applying  a  static  load  at 
the  center  of  the  slab  in  increments  of  7,500  pounds  up 
to  a  total  of  30,000  pounds.  Stresses  in  the  top  and 
bottom  of  the  slab  along  both  axes  were  measured 
with  graphic  strain-gauges.  These  gauges  were  also 
used  to  measure  the  stresses  in  the  reinforcing  trusses 
directly  beneath  the  load.  Deflection  of  the  slab 
was  measured  at  various  points.  As  a  result  of  this 
test,  the  entire  slab  was  found  to  act  as  a  simple  plate, 
deflection  being  practically  symmetrical  about  both 
axes.  The  maximum  stress  found  in  the  trusses  was 
11,000  pounds  per  square  inch.  Maximum  compres- 
sion in  the  concrete  was  580  pounds  per  square  inch 
along  the  axis  normal  to  the  supporting  beams  and 
1,200  pounds  per  square  inch  along  the  other  axis. 
The  deflection  under  the  30,000  pound  load  was  0.1 
inch  and  no  permanent  set  was  found. 

Impact  tests  were  next  made  at  the  quarter  point 
of  the  slab  and  centrally  between  supporting  beams. 
The  impact  machine  was  adjusted  to  represent  a  wheel 
load  of  15,000  pounds,  the  unsprung  weight  being 
2,060  pounds,  and  this  load  was  dropped  one-half  inch. 
A  series  of  3,000  blows  was  delivered,  resulting  in  the 
formation  of  four  hair  cracks  under  the  load  extending 
outward  for  a  distance  of  14  to  18  inches.  These 
cracks  were  6  to  S  inches  in  length  at  300  blows  and 
showed  no  increase  after  1,000  blows.  The  maximum 
deflection  was  0.120  inch  and  no  permanent  set  was 
measurable. 

The  impact  machine  was  then  moved  to  a  new  point 
and  adjusted  to  give  a  drop  of  one  inch  without  change 
in  loading.  The  impact  pressure  developed  was  18,540 
pounds  which  is  approximately  equivalent  to  that  of  a 
73^-ton  truck  with  maximum  overloading.  After  3,000 
blows  no  change  was  noted  other  than  the  formation  of 
six  hair  cracks,  under  the  load,  16  to  18  inches  long, 
although  the  slab  was  loosened  on  the  supporting 
beams  and  moved  diagonally  about  two  inches. 

From  these  tests  it  is  concluded  that  the  design  is 
sufficient  for  any  loading  likely  to  come  upon  the  bridge. 
Additional  tests  are  now  being  made  to  secure  informa- 
tion for  use  in  designing  this  type  of  slab. 
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MOTOR    TRUCK    IMPACT    AS   AFFECTED    BY    TIRES 
OTHER  TRUCK  FACTORS,  AND  ROAD  ROUGHNESS 

Report  of  Cooperative  Tests  by  the  Bureau  of  Public  Roads,  the  Society  of  Automotive  Engineers,  and  the  Rubber  Association 

of  America 

Reported  by  JAMES  A.  BUCHANAN,  Bureau  of  Public  Roads,  and  J.  W.  REID,  Rubber  Association  of  America 


SINCE  1923  there  has  been  in  progress  at  the  experi- 
mental station  of  the  Bureau  of  Public  Roads  at 
Arlington,  Va.,  a  series  of  mo  tor- truck  impact 
tests  designed  especially  to  develop  information  with 
respect  to  the  influence  of  various  types  of  tires,  cer- 
tain elements  of  vehicular  design  and  equipment,  the 
loading,  capacity,  and  speed  of  the  vehicles,  and  the 
roughness  of  the  road  surface.  After  ascertaining  the 
magnitude  of  the  impact  under  the  various  conditions 
created  it  is  the  further  object  of  the  tests  to  determine 
the  stresses  induced  in  the  road  surface.  Up  to  this 
time,  however,  efforts  have  been  directed  principally 
toward  the  attainment  of  the  first  objective,  and  it  is 
to  this  phase  of  the  investigation  that  the  present 
report  is  confined. 

The  entire  investigation  is  being  conducted  cooper- 
atively by  the  Bureau  of  Public  Roads,  the  Society  of 
Automotive  Engineers,  and  the  Rubber  Association  of 
America,  under  the  direction  of  a  joint  committee  repre- 
senting the  three  organizations. 

Owing  to  the  necessity  of  developing  an  acceler- 
ometer  adapted  to  the  conditions  of  the  tests,  accumula- 
tion of  data  bearing  upon  the  specific  objects  contem- 
plated could  not  be  begun  until  1924.  Since  then  the 
tests  originally  scheduled  have  been  completed  and  the 
data  are  available  in  standardized  final  form. 

The  results  of  the  tests  reported  below  were  obtained 
with  equipment  specified  by  the  cooperative  com- 
mittee. The  tires  used  were  standard  equipment  at 
the  time  of  testing,  and  the  results  obtained  apply 
specifically  to  these  tires.  They  do  not  necessarily 
apply  to  tires  that  have  been  redesigned  during  or  sub- 
sequent to  the  tests.  This  is  particularly  the  case  -with 
reference  to  tires  which  have  been  specially  designed 
for  use  in  dual  mountings,  the  profile  heights  being 
appreciably  affected. 

In  applying  the  test  data  it  should  be  remembered 
that  an  impact  force,  expressed  in  pound  units,  does 
not  necessarily  have  the  same  effect  upon  materials  as  a 
static  force  of  the  same  numerical  value  in  pounds. 

The  term  "cushioning  effect"  as  used  refers  only  to 
the  vertical  reaction  between  road  and  wheel,  and  is 
not  to  be  confused  with  the  popular  term  "riding 
quality,"  although  it  is  somewhat  akin  to  it.  It  should 
be  borne  in  mind  also  that  this  research  has  been  con- 
cerned with  only  one  phase  of  certain  economic 
problems,  full  consideration  of  which  should  give  due 
weight  to  various  other  highway  transportation  factors 
relevant  to  the  subject. 

IMPORTANT  CONCLUSIONS  TO  DATE 

From  the  data  at  present  available — and  it  should 
be  borne  in  mind  that  they  were  obtained  from  the 
standard  equipment  used  at  the  time  of  the  tests- 
certain  preliminary  deductions  may  be  drawn,  namely: 

1.   Maximum  impact  forces  obtained  with  motor  truck  tires 
in  service  can  be  measured  with  an  accuracy  sufficient  for  the 
needs  of  this  investigation. 
109707—26 — l 


2.  As  static  load  increases,  road  impact  reaction  increases. 

3.  As  static  load  increases,  the  ratio  of  road  impact  reaction 
to  static  load  decreases. 

4.  Thickness  and  narrowness  of  tread  rubber  are  desirable  in 
reducing  road  impact  reaction. 

5.  Increasing  the  thickness  or  profile  height  of  rubber  has  a 
very  marked  effect  in  reducing  road  impact  reaction  in  both 
single  and  dual  mountings. 

6.  In  the  tire  equipments  tested,  all  of  which  were  standard 
at  the  time  of  the  tests,  dual  mounting  caused  heavier  impact 
forces  than  the  corresponding  single  mounting  of  the  same  total 
load-carrying  capacity.  (This  was  determined  on  a  pneumatic- 
tired,  2-ton  truck  and  a  solid-tired,  5-ton  truck.) 


Fig.  l.— Method  of  mounting  tire  for  static  test 

7.  Appreciable  variation  of  cross-sectional  rubber,  or  breaks 
in  its  continuity,  cause  heavy  repeated  impacts  to  be  delivered 
to  the  road. 

8.  Dual-mounted  tires  should  always  be  mounted  with  the 
tread  design  staggered. 

PROCEDURE  OF  THE  TESTS 

The  tests  of  tire  cushioning  qualities  are  divided  into 
two  general  groups,  the  static  tests  and  measurements, 
and  the  impact  tests.  It  is  expected  that,  in  most 
cases,  a  general  relation  will  be  found  between  these 
two  test  methods  which  will  shorten  and  standardize 
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future  test  procedure.  It  may  be  that  a  relation  of 
load  versus  work  will  be  found  which  will  yield  a  useful 
criterion  in  the  correlation  of  the  static  and  the  impact 
tests. 

Static  tests. — In  the  static  tests  the  tires  were  placed 
in  a  testing  machine  and  vertical  deflections  were 
recorded  as  the  load  was  slowly  applied,  from  which 
data  load  vs.  deformation  curves  were  drawn.  The 
areas  of  tire  contact  were  taken  at  three  loads  on  each 
tire,  and  reproductions  were  made  of  the  impressions. 
From  these  the  area,  width,  and  length  of  contact 
were  obtained  at  the  three  loads.  The  hardness  of  the 
tread  rubber  was  measured  by  a  Shore  durometer. 
In  addition  the  weights,  dimensions,  and  trade  names 
of  the  tires  were  recorded. 

The  method  of  mounting  tires  in  the  testing  machine 
is  shown  in  Figure  1;  and  typical  curves  indicating 
tire  action  under  static  loads  are  shown  in  Figure  2. 
These  curves  show  the  effect  of  load  on  vertical  defor- 
mation, the  mean  intensity  of  load  per  unit  of  contact 
area,  and  the  mean  load  intensity  per  unit  of  contact 
width-     Figure  3  shows  typical  tire  cross  sections. 

Impact  tests. — In  the  impact  tests  the  total  vertical 
road  reaction  is  determined  by  a  specially  constructed 
accelerometer  mounted  on  the  test  trucks.  This 
accelerometer  was  designed  to  measure  the  maximum 
vertical  accelerations  of  the  truck  wheel  and  simul- 
taneously to  record  the  proportional  deflections  of  the 
corresponding  truck  spring.  The  forces  are  computed 
by  formula  and  may  be  resolved  into  sprung  and 
unsprung  components.  The  sprung  component  is 
determined  by  measuring  the  change  of  truck  spring 
deflection  from  its  static  position  at  a  given  load  to 
its  position  at  the  instant  of  impact.  By  referring  to 
the  proper  portion  of  a  previously  prepared  calibration 
curve  for  the  truck  spring,  the  change  in  spring  pressure 
from  that  at  static  load  is  obtained.  The  unsprung 
component  is  determined  by  measuring  the  acceleration 
or  deceleration  of  the  truck  wheel,  adding  thereto 
the  acceleration  of  gravity  and  multiplying  the  sum 
by  the  known  mass  of  the  unsprung  parts  (i.  e.,  the 
parts  below  and  not  supported  by  the  truck  springs). 

The  corresponding  total  force  or  road  reaction  is 
computed  according  to  the  formula: 

F=m  (a  +  q)+P, 
wherein  F=  vertical  road  reaction  in  pounds, 

?tt  =  mass  of  unsprung  truck  parts  in  poundals, 
a  =  acceleration  of  unsprung  truck  parts  in 

feet  per  second  per  second, 
g  =  acceleration    of    gravity    (32.2    feet    per 

second  per  second), 
P  =  truck  spring  pressure  in  pounds  at  instant 
of  impact. 

THE  ACCELEROMETER 

The  accelerometer  is  mounted  to  follow  faithfully 
the  vertical  movement  of  the  right  rear  wheel  of  the 
truck  by  means  of  a  tight,  self-aligning  bearing,  and 
the  instrument  slides  on  guides  on  the  truck  body. 
The  sensitive  element  is  composed  of  a  calibrated  coil 
spring  supporting  a  weight  of  known  mass.  A  rod 
fastened  to  this  weight  acts  as  a  guide  and  stylus 
holder.  The  stylus  records  the  relative  movement  of 
the  weight  on  sensitized  paper  which  is  rolled  on  a  drum 
driven  by  the  truck  wheel,  the  paper  moving  approxi- 
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38"x7"  PNEUMATIC 
CAPACITY  3000  LBS. 


36"xT  HOLLOW-CENTER  CUSHION 
CAPACITY  3500  LBS. 


36'xT  EXTERNAL-CAVITY  CUSHION 
CAPACITY  3500  LBS. 


36x5"  HIGH-PROFILE  SOLID 
CAPACITY  3000  LBS. 


36"x5"  REGULAR  SOLID 
CAPACITY  3000  LBS. 


36"x5"W0RN0UT   SOLID 
CAPACITY  3000  LBS. 


SCALE 

Fig.. 3.— Typical  tire  cross  sections 


Fig.  4. — General  view  of  instrument  mounted  on  test  truck 


Fig.  5.— Detail  view  of  instrument 

i  ately  1  inch  for  each  45  feet  of  truck  travel.  A 
backstop  is  arranged  above  the  accelerometer  weight  to 
prevent  the  upward  movement  of  the  weight  beyond 
the  position  it  assumes  when  the  instrument  is  at  rest 
and  there  is  no  initial  compression  on  the  spring  other 
than  that  due  to  the  weight  itself.  Figure  4  shows  the 
complete  apparatus  installed  on  a  truck.  Figure  5  is 
a  close-up  view  of  the  instrument  proper,  and  the 
essential  elements  of  the  instrument  are  shown  dia- 
grammatically  in  Figure  6.  Typical  accelerometer 
records  and  the  process  of  converting  them  into  terms  of 
force  are  shown  for  artificial  obstructions  in  Figure  7 
and  for  an  actual  road  surface  in  Figure  8. 

In  Figure  7  the  spring  reading  is  recorded  at  zero 
for  the  condition  of  shock  at  each  of  the  narrow 
obstructions  because,  as  indicated  by  the  instrument 
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record,  the  truck  spring  is  in  substantial  equilibrium 
immediately  preceding  the  approach  to  each  of  these 
narrow  obstructions.  This  is  due  to  the  fact  that  the 
obstructions  have  been  placed  on  a  smooth  road.  At 
the  instant  of  impact  with  the  obstruction  there  is  an 
added  reaction  between  the  truck  wheel  and  the  pave- 
ment which  may  amount  to  many  times  the  static  load- 


CALIBRATED 
SPRING 


ACCELEROMETER 
ROD 


SPRING  RECORDING  ROD 
ACTUATED  BY  RACK  ANO 
PINION  AT  TRUCK  SPRING 


RIGID  CONNECTION 
TO  TRUCK  AXLE 


ADJUSTABLE 
BACK-STOP 


-WEIGHT 


FERRULE  TO 
ALIGN  SPRING 


RESERVOIR  FOR 
SENSITIZED  PAPER 


SLIDING 

ACCELEROMETER 

FRAME 

GUIDE  ROD 
SUPPORTED  BY 
TRUCK  BODY 


Fig.  6. — Diagram  of  the  coil  spring  aecelerometer 


ing.  This  is  due  to  the  acceleration  of  the  unsprung 
weight  although  the  sprung  weight  is  still  at  its  zero 
position.  Strictly  speaking,  however,  at  the  instant 
of  maximum  upward  acceleration  of  the  truck  wheel, 
the  truck  spring  has  been  compressed  an  amount  equal 
to  a  small  percentage  of  the  height  of  the  obstruction. 
For  pneumatic  tires  this  compression  is  about  10  per 
cent,  for  cushion  tires  15  per  cent,  and  for  solid  tires 
20  per  cent  of  the  height  of  the  obstruction.  The  spring 
recoi'd  curve  has  sharper  peaks  downward  than  upward 
because  the  downward  peaks  represent  the  stopping  of 
the  wheel  by  the  pavement,  whereas  the  upward 
peaks  represent  the  upward  motion  of  the  wheel  against 
the  resistance  of  the  truck  spring. 

The  characteristics  of  the  aecelerometer  are  such 
that  the  displacement  of  its  weight  as  recorded  on  the 
sensitized  paper  is  proportional  to  the  acceleration  of 
the  truck  wheel.  The  calibration  factor  depends  on 
the  characteristics  of  the  aecelerometer  spring-weight 
combination  and  varies  with  the  characteristics  of  the 
acceleration  impressed  on  the  aecelerometer  by  the 
truck  wheel.  The  aecelerometer  spring-weight  charac- 
teristics are  accurately  determined  and  that  combina- 
tion is  selected  which  is  best  suited  to  the  accelerations 
to  be  measured.  The  characteristics  of  the  impressed 
acceleration  are  influenced  by  the  natural  characteris- 
tics of  the  tire  equipment  and  the  unsprung  truck 
weight  in  the  case  of  the  wheel  dropping  on  a  plane 
surface.  In  the  case  where  the  wheel  passes  over  a 
relatively  narrow  obstruction  at  comparatively  high 
speed,  there  may  be  an  added  correction  dependent  on 
the  duration  of  this  condition  of  shock. 
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The  deviation  of  the  aecelerometer  record  from  a  straight 
line  is  a  measure  of  the  acceleration  of  the  unsprung  parts. 
This  acceleration  multiplied  by  the  mass  of  the  unsprung 
parts  gives  the  force  of  the  blow  struck  by  the  unsprung 
parts. 


ACCELEROMETER   RECORD 
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The  truck  spring  under  static  conditions  is  deflected 
by  the  sprung  load.  At  the  instant  of  impact,  the  position 
of  the  truck  spring  above  or  below  its  average  base  line  or 
static  position  is  a  measure  of  the  sprung  weight  active  at 
the  instant  of  impact. 


CORRESPONDING  TRUCK   SPRING    RECORD 


Test  obstruc- 
tion symbol 


6s. 

76 
Si 

.s.l 


Unsprung  weight 


Aeceler- 
ometer 
reading 


Inches 
0.08 
.25 
.18 
.10 
.24 


Acceler- 
ation 


Feet  per 
second  per 

162 

506 
364 
202 
486 


Mass 


Pound- 
als 
22.5 
22.5 
22.5 
22.5 
22.5 


Unsprung 
force 


Pounds 
4,370 

12,110 
8,915 
5,270 

11,660 


Sprung  weight 


Spring 
reading 


Inches 

0 

.34 

.72 

0 

.40 


Varia- 
tion 

from 
static 


Pounds 
0 

-1,605 

-3,400 
0 

-1,890 


Sprung 
force 


Total 

vertical 
impact 
reaction 


Pounds' Pounds 
1,625  |     5,995 


20 

-1,775 
1,625 
-265 


12, 130 
7,140 
6,895 

11,395 


Total 
vertical 
impact 
reaction 
as  a  per 
cent  of 

static 
load 


Per  cent 
255 
516 
304 
294 
485 


The  sum  of  the  unsprung  and  sprung  components  is 
the  total  vertical  road  reaction.  If  this  total  impact  reac- 
tion be  divided  by  the  total  static  reaction,  it  may  be  ex- 
pressed as  a  percentage  of  the  static  load. 

In  the  above  example,  the  total  static  load  per  rear  wheel 
is  2,349  pounds,  of  which  724  pounds  is  unsprung  and  1,625 
pounds  is  sprung.  The  aecelerometer  rate  is  2,022  feet 
per  second  per  second  per  inch  of  record,  and  1  inch  of 
truck  spring  record  corresponds  to  a  change  of  4,720 
pounds. 


Fig.  7.— Analysis  of  typical  record  from  artificial  obstruction  test 
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ACCELEROMETER    RECORD 


NUMBER    OF  IMPACTS 
5  10  15  20 


8ASE   LINE 


CORRESPONDING  TRUCK  SPRING   RECORD 

The  force  of  the  wheel  in  striking  the  road  is  developed  (a)  by  the 
blow  of  the  parts  below  and  not  supported  by  the  truck  springs  and 
(b)  by  the  weight  of  the  parts  above  and  supported  by  the  truck 
springs. 

(a)  The  blow  struck  by  the  unsprung  weight  is  found  by  multi- 
plying its  mass  by  its  acceleration.  The  mass  is  obtained  by 
weighing,  and  the  acceleration  from  the  above  record  to  which  the 
acceleration  of  gravity  is  added. 

(b)  The  sprung  weight  is  obtained  by  weighing. 


ACCELEROMETER    ANALYSIS 

Spring  analysis 

The  average  position  of  the  truck  spring  is  the  same  as  when  the  truck 
is  stand  i  ngsti  1 1,  and  theaveragepressuretransmitted  through  the  spring 
is  equal  to  the  weight  of  the  body  and  load  carried  by  each  rear  wheel. 

For  a  wheel  load  of  9,000  pounds  on  a  certain  truck,  the  sprung 
weight  was  7,800  pounds  and  the  unsprung  weight  was  1 ,200  pounds, 
from  which  the  unsprung  mass  was  computed  to  be  37.3.  The  ac- 
celerometer  used  had  a  rate  of  1,040  feet  per  second  per  second  per 


inch. 


F=m(a+g)  +  P 


Number 
of  impacts 

Aceeler- 
ometer 
reading 

Acceler- 
ation 
(a) 

(a+g) 

Mass 
(m) 

m(a+g) 

Spring 

pressure 

(P) 

Total 

impact 

force 

(F) 

Feet  per 

Feet  per 

second 

second 

Inches 

per  second 

per  sec. 

Poundals 

Pounds 

Pounds 

Pounds 

1 

.50 

520 

552 

37.3 

20,600 

7,800 

28,400 

5 

.25 

260 

292 

37.3 

10,900 

7,800 

18,700 

10 

.18 

187 

219 

37.3 

8,200 

7,800 

16,000 

20 

.12 

125 

157 

37.3 

5,900 

7,800 

13,  700 

Fig.  8.— Analysis  of  typical  record  from  highway  test 
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Fig.  9. — Diagram  showing  relation  of  impact  reactions  as  computed  from  measured 
accelerations  and  as  determined  directly  by  means  of  the  Kreuger  cell 

Calibration  factors  for  various  accelerometer  spring- 
weight  combinations  have  been  determined  for  use 
with  the  full  range  of  tire  equipments  included  in  the 
tests.  These  factors  have  been  established  analytically, 
indirectly,  and  directly.  Formulae,  substantiated  by 
experimental  data,  have  been  developed  for  the 
determination    and    checking    of    these    calibration 


factors.  The  instruments  have  been  calibrated  by 
relating  the  instrumental  records  of  impressed  accelera- 
tions with  determinations  of  the  same  accelerations 
from  analyses  of  space-time  records.  That  method  of 
space-time  analysis  which  assumes  a  parabolic  shape 
of  the  original  space-time  curve  over  an  appreciable 
period  was  selected  as  representing  the  average  con- 
stant maximum  acceleration.  Should  the  instanta- 
neous maximum  be  desired,  it  can  be  obtained  from 
the  calibration  data  already  on  hand  and  will  vary 
from  100  to  about  115  per  cent  of  the  parabolic  maxi- 
mum, according  to  conditions  within  the  test  range. 

The  accelerations  were  measured  under  two  general 
conditions  described  by  the  terms  "shock"  and  " drop." 
The  condition  of  shock  is  defined  as  the  reaction 
between  the  truck  wheel  and  the  pavement  when  the 
wheel  is  caused  to  pass  over  an  elevation  in  or  obstruc- 
tion on  the  pavement.  The  condition  of  drop  is 
defined  as  the  reaction  occurring  when  the  wheel, 
falling  under  the  combined  influence  of  gravity  and 
the  truck  spring,  is  suddenly  stopped  by  the  pavement. 

On  the  above  basis,  for  the  test  conditions  to  date, 
the  errors  in  the  measurement  of  acceleration  will 
generally  be  within  10  per  cent  for  all  conditions  of 
drop  and  for  conditions  of  shock  up  to  10  miles  per 
hour.  For  conditions  of  shock  between  10  and  15 
miles  per  hour,  the  error  may  be  15  per  cent,  and  be- 
tween 15  and  20  miles  per  hour  for  the  condition  of 
shock  it  may  be  20  per  cent.  These  values  are  con- 
sidered conservative  and  are  based  on  calibrations 
made  by  a  special  accelerometer  subcommittee,  winch 
covered  adequate  ranges  of  speed  and  obstruction  with 
pneumatic  and  new  solid  tires.     The  complete  pro- 
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cedure  and  results  of  the  accelerometer  calibration  are 
to  be  made  the  subject  of  a  separate  paper.  Reference 
is  made  to  an  article  in  the  December,  1924,  issue  of 
Public  Roads  by  L.  W.  Teller,  entitled  "Accurate 
Accelerometers  Developed  by  the  Bureau  of  Public 
Roads." 

After  the  accelerometer  had  been  developed  by  the 
bureau  and  before  it  was  used  in  the  tests,  it  was 
checked  by  measuring  the  road  reaction  directly 
and  comparing  it  with  the  computed  reaction.  The 
direct  measurement  was  made  by  means  of  a  Kreuger 
cell  i  placed  in  a  pit  so  as  to  be  squarely  under  the 
truck  wheel  at  the  instant  of  impact.  The  results  of 
this  check  test  are  shown  in  Figure  9. 


the  standard  types  and  sizes  of  tires  with  which  they 
were  equipped,  using  for  the  purpose  100-pound 
weights  which  were  placed  within  the  truck  body  in  a 
definite  manner  and  according  to  accepted  practice  in 
load  distribution.  The  wheel  loads  were  measured 
with  portable  road  scales,  which  were  frequently 
calibrated.  In  addition,  a  number  of  loads  were  sent  to 
accurate  platform  scales  for  checking. 

The  trucks  were  driven  at  speeds  varying  by  incre- 
ments of  3  miles  per  hour  from  a  minimum  of  3  miles 
per  hour  up  to  the  maximum  speed  obtainable  under 
the  load  and  test  conditions.  Speeds  were  determined 
by  timing  measured  runs  with  a  stop  watch,  and  were 
checked    for    variation    by    the    truck    speedometer. 


i 


Fig.  10.— The  smooth  concrete  test  section 


TIRES,  SPRINGS,  TRUCK  SIZES,  AND  SPEEDS 

The  tires  used  were  furnished  by  seven  American 
manufacturers.  The  types  were  pneumatic,  cushion, 
heavy-duty  cushion,  and  high-profile,  nonskid  and 
regular  solid  tires.  Tests  have  been  made  with  new 
and  worn-out  tires,  and  with  new  tires  cut  to  various 
heights.  The  pneumatic  tires  were  tested  at  standard 
and  three-fourths  standard  air  pressures.  The  sizes 
varied  from  32  by  3  ^  to  40  by  14,  and  the  rated  carrying 
capacities  varied  from  1,300  to  11,200  pounds  per  tire. 
They  were  used  in  single,  dual,  and  tandem  mountings, 
and  as  overloaded  and  oversized  equipment. 

The  trucks  used  represent  four  American  makes,  the 
capacities  of  which  are  1,  2,  3,  and  5  tons.  They  were 
loaded  up  to  150  per  cent  of  the  carrying  capacity  of 

'  For  a  description  of  the  Kreuger  cell  and  its  use  in  measuring  impact  reactions  see 
Public  Roads,  vol.  5,  No.  10,  Dec,  1924. 


Any  run  which  showed  a  variation  of  more  than  one- 
half  mile  per  hour  from  the  average  speed  was  dis- 
carded and  the  test  was  rerun. 

Before  use  in  the  tests  the  rear  truck  springs  were 
removed,  cleaned,  greased,  calibrated,  provided  with 
jackets,  and  replaced.  For  reference,  weight  distri- 
butions of  the  empty  trucks,  truck  measurements,  and 
specifications  were  recorded. 

ROAD  SURFACES  AND  ARTIFICIAL  OBSTRUCTIONS 

In  order  to  include  actual  road  conditions,  two  500- 
foot  lengths  of  near-by  highways  were  selected  as  test- 
road  sections  to  represent  extremes  likely  to  be  en- 
countered by  commercial  traffic.  One  of  these  is 
typical  of  smooth  concrete  construction,  and  the  other 
is  an  old  stone-block  pavement.  A  16-wheel  profil- 
ometer  showed  an  average  cumulative  vertical  varia- 


June,  1926 


PUBLIC  ROADS 


75 


tion  of  2.5  inches  per  100  feet  on  the  smooth  concrete 
section  and  of  18.2  inches  per  100  feet  on  the  rough 
stone-block  section.  Both  sections  are  straight  and 
substantially  level,  and  have  only  slight  crowns.  In 
general,  the  tests  on  these  two  sections  were  confined 
to  tire  capacity  and  1J^  tire  capacity  loads  at  a  repre- 
sentative speed  of  12  miles  per  hour.  The  results  of 
these  tests  are  expressed  in  terms  of  the  number  and 
magnitude  of  the  impacts  (i.  e.,  vertical  road  reactions) 
produced  as  determined  from  the  accelerometer  records. 
A  photograph  of  the  stone-block  pavement  appears  on 
the  cover  of  this  issue  of  Public  Roads,  and  the 
concrete  road  is  shown  in  Figure  10. 

To  provide  for  duplication  of  test  conditions,  a 
very  smooth,  straight,  and  substantially  level  con- 
crete road  was  specially  built,  and  on  it  various  steel 
obstructions  were  set  in  grout  and  secured  by  bolts. 
These  obstructions  included  30-inch  inclined  planes 
with  rises  of  -Hr,  13^,  and  lfg-  inches,  respectively; 
rectangular  blocks  3  inches  wide  and  with  heights  of 
xs,  %,  and  \x/%  inches,  respectively,  and  rounded 
(segmental)  blocks  having  3-inch  chords  or  bases  and 
heights  of  %  and  l1^  inches,  respectively.  These 
obstructions  were  about  4  feet  wide  and  were  placed 
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Fig.  11. — Typical  obstructions  used  in  the  tests 
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at  about  30-foot  intervals  along  a  guide  line  painted 
on  the  road.     Figure  1 1  shows  typical  obstructions.2 

An  almost  unlimited  number  of  comparisons  may  be 
made  from  the  test  data  showing  the  influence  of  the 
several  variables  on  vertical  impact  reaction.  It  is 
not  possible  in  this  report  to  present  exhaustive  data 
with  reference  to  all  conditions  studied;  but  general 
comparisons  are  made  in  the  curves  presented  in 
Figures  12  to  31,  and  the  original  data  in  plotted  form 
and  the  standardized  computations  are  accessible  to 
those  who  have  a  proper  interest  in  making  detailed 
studies  or  comparisons.  In  presenting  this  report 
the  data  are  submitted  as  found,  and  the  curves 
faithfully  follow  their  plotted  points.  The  ordinates 
of  all  the  comparative  curves  represent  the  impact  force 
expressed  in  terms  of  percentage  of  static  load;  to 
convert  them  into  pounds  it  is  necessary  to  multiply 
them  by  the  corresponding  static  wheel  loads  in  pounds 
according  to  Table  1.  The  overloaded  and  oversized 
tire  tests  were  made  at  loads  corresponding  to  1  }4  the 
capacity  of  the  rated  sizes  of  tires. 

Table  1. — Wheel  loads  and  tire  sizes 


Truck 
capacity 

Wheel  load 
capacity  of 

Tire 

size 

Tire  type 

rated  size  of 
tire 

Rated  size 

Oversize 

Single 

Dual 

Single        Dual 

Single 

Dual 

(2  tons 

<3  tons 

Pounds 
4,000 

Pounds 
4,400 
6,000 
8,000 

3,400 
7,000 

Inches    •   Inches 
40  bv    8     36bv6 

Inches 

Inches 
38  byj7 

40  by[8 

Pneumatic 

38  by  7 
40  by  8 

[5  tons 

|2  tons 

36  by  5 
36  by  7 

36!by[7 
36;by  8 
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EFFECT  OF  ROAD  ROUGHNESS 


Figures  12  and  13  show  typical  results  obtained  on 
the  highway  test  sections.  They  show  that  pneumatic 
tires  may  make  a  rough  road  appear  reasonably  Finooth 
and  that  solid  tires  in  poor  condition  may  make  a 
smooth  road  appear  unreasonably  rough.  Referring 
to  the  two  figures  we  find,  for  instance,  that  with  tires 
loaded  to  capacity  and  trucks  operated  at  12  miles 
an  hour,  the  impact  magnitude  wnich  occurs  50  times 
in  500  feet,  when  pneumatic  tires  are  used,  is  5  per  cent 
greater  than  the  static  load  on  the  smooth  road  and 
40  per  cent  greater  than  the  static  load  on  the  rough 
road.  With  worn-out  solid  tires  on  the  two  classes  of 
road  the  impact  occurring  50  times  in  500  feet  was  45 
per  cent  greater  than  the  static  load  on  the  smooth 
road  and  270  per  cent  greater  than  the  static  load  on 
the  rough  road.  These  curves  also  show  that  the 
forces  developed  on  a  road  which  is  built  and  main- 
tained smooth  are,  for  given  equipment,  appreciably 
lower  than  the  corresponding  forces  developed  on  a 
very  rough  road. 

The  impact  road  reaction  of  a  motor  truck  depends 
in  general  on  the  four  major  variables — wheel  load, 
truck  speed,  tire  equipment,  and  road  roughness  or 

'  No  artificial  ruts  or  pot  holes  have  been  included  to  date  in  the  truck  tests.  A 
few  tests  have  been  made  with  the  impact  testing  machine  which  is  described  and 
illustrated  on  page  13  of  the  November,  1924,  issue  of  Public  Roads,  by  dropping 
the  wheel  upon  a  surface  hollowed  to  a  40-inch  radius.  The  results  of  the  tests  with 
this  artificial  rut  did  not  seem  to  justify  inclusion  of  such  an  obstruction  in  the  truck 
tests. 
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Fig.  12.— Influence  of  tires  on  vertical  impact  reactions  on  rough  stone-block  road       Fig.  13.— Influence  of  tires  on  vertical  impact  reactions  on  smooth  concrete  road 


height  of  obstruction.  The  effects  of  other  variables, 
such  as  the  ratio  of  unsprung  to  sprung  weights,  truck 
spring  flexibility,  etc.,  are  also  felt  to  a  greater  or  lesser 
degree,  but  manufacturing  and  operating  conditions 
are  generally  such  that  the  effect  of  these  latter  vari- 
ables is  not  of  major  importance.  The  phenomenon 
of  motor  truck  impact  is  separable  into  two  distinct 
elements.  There  are  two  forces  acting  simultaneously 
and  cumulatively  on  the  pavement.  One  of  these 
forces  is  the  net  truck  spring  pressure  at  the  instant  of 
impact,  its  magnitude  varying  with  the  spring  deflec- 
tion. The  other  is  the  force  required  to  change  the 
vertical  velocity  of  the  unsprung  truck  weight  (that 
is,  the  parts  below  and  not  supported  by  the  truck 
spring)  as  the  wheel  is  vertically  accelerated  or  de- 
celerated by  the  pavement. 

When  the  vehicle  is  standing  still  the  road  reaction 
is  the  static  load  on  the  wheel;  but  with  the  truck  in 
motion  this  condition  no  longer  obtains.  What  takes 
place  when  the  wheel  in  motion  strikes  and  passes  over 
an  obstruction  on  the  road  may  be  described  in  general 
terms  as  follows: 

We  will  assume  that  the  road  is  otherwise  perfectly 
smooth  and  that  the  truck  spring  is  at  equilibrium  in 
its  normal  position.  As  the  wheel  in  its  forward  prog- 
ress makes  contact  with  the  obstruction  the  tire  is 
compressed  and  through  its  resistance  to  compression, 
varying  according  to  the  type  of  tire  used,  the  unsprung 
weight  of  the  truck  is  accelerated  upward  against  the 
resistance  of  the  truck  spring  reacting  on  the  sprung 
weight  of  the  truck  body.  The  acceleration  of  the  un- 
sprung weight  causes  a  reaction  on  the  pavement  the 
magnitude  of  which  is  measured  by  the  product  of  the 
acceleration  produced  and  the  mass  of  the  unsprung 
weight  which  is  accelerated.  Added  to  this  reaction 
is  the  superimposed  pressure  of  the  truck  spring  which 
at  this  condition,  called  shock,  is  substantially  that  of 
the  static  sprung  weight  of  the  truck.  The  truck 
wheel  then  leaves,  or  tends  to  leave,  the  pavement  and 
compresses  the  truck  spring.  The  truck  body,  in  re- 
sponse to  this  pressure,  rises  slowly  upward  and  the 
entire  rear  end  of  the  truck  is  momentarily  completely 
in  the  air.  Very  soon,  however,  the  upward  inertia  of 
the  unsprung  weight  is  overcome  by  the  truck  spring 
and  the  wheel  descends  upon  the  pavement  to  be  de- 
celerated through  the  elastic  medium  of  the  tire.  Now, 
at  this  point  the  truck  body  is  usually  considerably 


above  its  normal  position,  the  springs  being  corre- 
spondingly extended.  The  springs  in  this  extended 
position  cause  a  lesser  superimposed  pressure  than  the 
static  sprung  weight  of  the  truck  to  be  added  to  the 
second  impact  reaction  caused  by  the  deceleration  of 
the  truck  wheel  by  the  pavement.  It  may  even  be  the 
case  that  the  truck  spring  is  so  far  extended  that  the 
resultant  spring  pressure  is  negative  and  actually 
lessens  the  effect  of  the  deceleration  of  the  unsprung 
weight.  On  the  other  hand  it  is  possible,  in  the  case 
of  a  long  jump  after  striking  the  obstruction,  for  the 
truck  spring  to  have  fully  extended  and  be  in  the  act 
of  closing  again  when  the  wheel  strikes  the  road  so 
that  the  sprung  component  may  be  even  greater  than 
the  static  spring  pressure  of  the  truck. 

EFFECTS  OF  HEIGHT  OF  OBSTRUCTION,  SPEED  AND  LOAD 

In  Figure  14  it  will  be  noted  that  there  is  apparently 
a  critical  height  obstruction,  varying  between  1  and  2 
inches,  according  to  the  type  of  obstruction,  at  which 
the  impact  reaction  approaches  one  of  its  maxima  for 
the  given  tire  equipment.  The  influences  of  the  sprung 
to  unsprung  weight  ratio,  the  truck  load,  and  the  truck 
spring  characteristics  are  probably  responsible  for  this 
condition. 

Figures  14,  15,  and  16  show  typical  results  obtained 
from  the  artificial  obstruction  tests.  The  effects  of 
three  types  of  obstruction  as  influenced  by  height,  and 
the  influences  of  the  speed  of  and  load  on  the  truck 
when  passing  over  representative  obstructions  of  these 
types  are  shown  for  typical  tire  conditions.  It  will  be 
noted  from  Figure  14  that  pneumatic  tires  did  not  yield 
reactions  (under  these  test  conditions)  as  great  as  two 
times  the  static  load  for  any  height  of  the  inclined  plane 
or  for  the  3-inch  rectangular  blocks,  but  that  when 
worn-out  solid  tires  were  used,  an  impact  reaction  twice  as 
great  as  the  static  load  was  caused  by  about  0.15  inch 
height  for  all  three  types  of  construction.  A  glance  at 
this  figure  also  shows  that  the  impact  reactions  with 
worn-out  solid  tires  may,  under  certain  conditions, 
reach  11  times  the  static  load;  but  that  new  solid  tires 
show  only  about  one-half  of  this  increase  over  the 
static  load. 

In  Figure  15  the  influence  of  truck  speed  is  shown. 
There  is  usually  a  critical  speed  between  12  and  15 
miles  per  hour,  at  which,  under  the  test  conditions,  the 
impact  reaction  will  be  at  one  of  its  maxima,  particu- 
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larly  for  drop  conditions.  The  reason  for  this  is  again 
found  in  the  truck  and  load  characteristics. 

The  most  striking  feature  of  the  curves  presented  in 
Figure  16,  which  shows  for  various  tires  the  effect  of  the 
load  in  relation  to  tire  capacity,  is  the  reduction  in  the 
impact  with  respect  to  the  static  load  when  the  rated 
capacity  of  the  tires  is  approached  and  exceeded.  This 
phenomenon  is  probably  due  to  the  closer  adherence  of 
the  truck  wheel  to  the  road  under  heavy  load  and  also 
to  the  enforced  cushioning  of  a  greater  part  of  the 
impact  by  the  tires. 

A  clearer  conception  of  the  nature  of  the  phenomena 
indicated  by  all  three  of  these  figures  (figs.  14,  15,  and 
100707— 26— —2 


16)  may  be  obtained  by  considering  the  behavior  of 
two  imaginary  trucks;  the  first  a  truck  of  which  prac- 
tically the  entire  wheel  load  is  derived  from  the  un- 
sprung weight  and  the  body  of  which  is  but  a  skeleton 
supported  by  comparatively  light  springs.  If,  under 
such  conditions,  the  tires  were  grossly  overloaded,  it 
will  readily  be  seen  that  as  long  as  there  were  any  ap- 
preciable cushioning  material  present  in  the  tires  the 
excessive  load  directly  on  the  tires  would  cause  them, 
under  all  but  the  most  extreme  conditions  of  speed 
and  road  roughness,  to  remain  in  constant,  intimate 
contact  with  the  road.  Comparatively  slight  obstruc- 
tions would  be  embedded  in  the  tire  under  the  influence 
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of  the  great  load  and  there  would  be  practically  no 
difference  between  the  cushioning  qualities  or  springi- 
ness of  various  tires  so  long  as  they  were  able  to  carry 
the  load  at  all.  Now  let  us  take  another  imaginary 
case  in  which  the  unsprung  weight  is  a  mere  skeleton 
and  the  sprung  weight,  supported  by  adequate  springs, 
is  the  principal  load.  An  excessive  wheel  load,  under 
these  conditions,  would  not  hold  the  tires  so  closely 
in  contact  with  the  road.  The  comparatively  light 
wheel  would  be  kicked  upward  as  obstructions  were 
encountered,  the  measure  of  the  kick  being  determined 
by  the  cushioning  properties  of  the  tire.  Having  been 
raised  into  the  air  the  wheel  would,  then,  be  returned 
to  the  pavement  by  the  influence  of  the  truck  spring 
to  be  decelerated  through  the  medium  of  whatever 
cushioning  materials  were  in  the  tires.  A  truck  under 
service  conditions  is  a  fortunate  medium  between  the 
two  imaginary  extremes  just  described,  but  certain 
test  conditions  may  be  created,  as  shown  by  the  figures, 
in  which  to  a  degree  the  effects  described  will  be 
perceptible. 

It  is  generally  apparent  from  Figure  16  that  as  the 
static  load  increases  the  road  impact  reaction  increases, 
but  that  the  ratio  of  the  impact  reaction  to  the  static 
load  decreases. 

EFFECTS  OF  TIRE  EQUIPMENT 

The  next  group  of  figures  is  concerned  with  tire 
equipments.     Figures  17,  18,  and  19  disclose  the  effects 
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Fig.  19. — Single  vs.  dual  tire  mounting  as  influenced  by  wheel  load.  The  tests 
were  made  with  a  5-ton  truck  equipped  with  rated-sizes  of  tires  and  operated  at 
a  speed  of  12  miles  per  hour 

of  the  several  variables  on  dual  and  single  tire  mount- 
ings, and  Figures  20  and  21  show  the  relations  between 
overloaded  and  oversized  tire  equipments.  From  an 
inspection  of  the  three  figures  in  the  first  group  it  is 
at  once  evident  that  the  dual  mounting  of  two  smaller 
tires  having  approximately  the  same  total  carrying 
capacity  as  a  larger  tire  mounted  singly,  causes  a 
greater  impact  pressure  on  the  road  for  a  given  con- 
dition. In  the  case  of  solid  tires  this  effect  of  mounting 
may  be  such  that  the  impact  produced  with  dual  tires 
will  represent  twice  as  great  an  increase  over  the 
static  load  as  that  produced  with  a  single  tire.  The 
reason  for  this  difference  in  impact  forces  caused  by  the 
two  mountings  is  found  in  the  cross  sections  of  both 
the  solid  and  pneumatic  tires.  The  single  tire,  in 
each  case,  offers  a  thicker  and  narrower  cushioning 
medium  than  the  dual  mounting.  Consequently  the 
acceleration  or  deceleration  of  the  truck  wheel  is  ac- 
complished by  the  dual  tire  by  less  compression  of  the 
tire  and  therefore  in  a  shorter  time  than  a  single  tire. 
The  acceleration  or  deceleration  occurring  in  shorter 
time  must  necessarily  be  greater  to  produce  the  neces- 
sary change  in  vertical  velocity  for  a  given  test  condi- 
tion. The  acceleration  of  the  unsprung  weight  being 
greater,  the  unsprung  component  of  the  road  reaction 
is  necessarily  greater  because  it  is  the  product  of  the 
acceleration  times  the  mass  of  the  unsprung  weight. 
Given  two  otherwise  equal  cushioning  media,  that 
one  which  can  effect  the  necessary  change  of  velocity 
in  the  longer  time  interval  will  cause  the  lower  impact 
force.     These  considerations  lead  to  conclusions  that: 

1.  Thickness  and  narrowness  of  tread  rubber  are  desirable  in 
reducing  road  impact  reaction. 

2.  Increasing  the  thickness  or  profile  height  of  rubber  has  a 
very  marked  effect  in  reducing  road  impact  reaction  in  both 
single  and  dual  mountings;  and 

3.  In  the  tire  equipments  tested,  all  of  which  were  standard  at 
the  time  of  the  tests,  dual  mounting  caused  heavier  impact  forces 
than  the  corresponding  single  mounting  of  the  same  total  load- 
carrying  capacity. 
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Fig.  22.— Impact  relation  of  6-wheel  and  4-wheel  trucks 
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Fig.  23.— Vertical  impact  reaction  as  influenced  by  truck  capacity  and  wheel  load 

Various  relations  between  overloaded  and  oversized 
tires  are  brought  out  in  Figures  20  and  21.  It  is  at 
once  apparent  that,  for  truck  wheels  carrying  the  same 
load,  those  which  are  equipped  with  oversized  tires 
cause  heavier  road  impact  reactions  than  those  equipped 
■with  the  rated  and  smaller  sizes  of  tires.  The  reason 
for  this  is  found  in  the  dimensions  of  the  two  sizes  of 
tires.  If  the  cross  sections  of  the  two  sizes  of  tires 
were  superimposed  it  would  be  found  that  they  differ 
markedly  in  width  and  comparatively  slightly  in  height. 
The  narrower  tire  would  naturally  be  more  easily 
deformed  laterally,  and  because  of  this,  it  could  effect 
the  necessary  change  in  velocity  by  being  compressed 
a  greater  distance  more  slowly  than  the  wider  tire 
would  be  during  a  relatively  short  compression 
distance.  As  explained  in  the  discussion  of  the  dual 
and  single  mountings,  the  tire  which  decelerates  the 
truck  wheel  from  a  given  velocity  comparatively 
slowly  will  cause  a  lower  impact  reaction  on  the  road 
than  the  tire  which  necessitates  a  short,  quick  reaction. 
It  is  interesting  to  note,  in  Figure  21,  that,  the  impact 
force  is  about  15  per  cent  greater  than  the  static  load 
for  the  rated  size  of  underinflated  pneumatic  tires,  and 
nearly  700  per  cent  greater  for  the  worn-out  solid  tires, 
which  were  oversized  equipment  for  the  same  truck 
and  at  approximately  the  same  load.  The  relative 
actions  of  these  overloaded  and  oversized  tires  supply 
further  support  for  the  conclusions  with  respect  to  the 
effect  of  tires  stated  above. 

SIX  AND  FOUR  WHEEL  TRUCKS  COMPARED 

In  order  to  determine  the  comparative  effects  of  6 
and  4  wheel  vehicles,  tests  were  made  with  two  5-ton 
trucks  which  differed  only  in  the  rear-wheel  arrange- 
ment. One  was  a  standard  4-wheel  truck  equipped 
at  the  rear  with  dual  pneumatic  tires.  The  other  was 
the  same  make  and  size  of  truck  but  was  equipped 
with  two  rear  axles  which  carried  singly-mounted 
tires  of  the  same  cross  section  as  those  carried  by  the 
4-wheel  truck.  Both  rear  axles  were  driven  by  the 
motor  through  tandem  differentials  and  the  distance 
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Fig.  25— Truck-spring  calibration  curves,  indicating    the    characteristics  of  the 
springs  of  the  several  test  trucks 

between  axle  centers  was  slightly  over  4  feet.  The 
usual  truck  spring  was  inverted,  one  spring  being  be- 
tween the  two  axles  on  each  side.  The  6-wheel  truck 
carried  on  its  two  rear  axles  a  total  load  equal  to  that 
carried  by  the  4-wheel  truck  on  its  one  rear  axle. 

In  Figure  22,  the  unsprung  components  of  the 
impact  reactions  of  the  4-wheel  truck  are  shown  to  be 
twice  those  of  the  equivalent  6-wheel  truck,  carrying 
Die.  same  load  and  operating  under  the  same  test  con- 
ditions. This  impact  relation  is  particularly  inter- 
esting in  view  of  the  results  of  other  tests  by  the 
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Fig.  26— Diagrams  showing  distribution  of  the  load  of  the  various  trucks  equipped 
with  rated  sizes  of  dual  pneumatic  tires  as  used  in  the  tests 
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F  ig.  28. — Curves  showing  the  effect  of  varying  the  unsprung  weight  of  a  2-ton 
truck  equipped  with  new  5-inch  dual  cushion  tires  and  operated  with  a  rear- 
wheel  load  of  5,100  pounds  at  a  speed  of  12  miles  per  hour 

bureau  reported  in  the  article  entitled  "  The  Six- Wheel 
Truck  and  the  Pavement"  which  appeared  in  the 
October,  1925,  issue  of  Public  Koads.  These  tests 
showed  that  the  stresses  in  a  concrete  pavement 
caused  by  a  4-wheel  truck  are  approximately  twice 
as  great  as  those  caused  by  a  6-wneel  truck  carrying 
the  same  load. 

Figures  23,  24,  25,  and  26  are  concerned  with  truck 
conditions.  Figure  23  shows  the  effect  of  truck 
capacity  and  the  influence  of  wheel  load  for  the  repre- 
sentative impact  test  conditions  of  the  drop  from  a 
1H  by  30  inch  inclined  plane  at  12  miles  per  hour, 
with  dual  solid  and  dual  pneumatic  tire  equipments. 
The  rated  truck  capacities  in  terms  of  tire  load  are 
indicated  and  it  will  be  seen  that,  with  one  exception, 
the  trucks  were  overtired  when  equipped  with  sizes 
ordinarily  specified  as  standard  equipment,  the  trucks 
being  fully  loaded  when  the  tires  were  carrying  about 
90  per  cent  of  their  rated  capacities.  It  will  also  be 
noted  that  excessive  overloading  has  a  tendency  to 
eliminate  effects  of  individual  truck  characteristics 
because  under  the  extreme  sprung  loads  the  truck 
springs  are  not  permitted  to  function  in  a  normal 
manner.  As  indicated  in  Figure  23,  the  2,  3,  and  5- 
ton  trucks  are  about  to  seek  a  common  curve  to  repre- 
sent their  behavior  as  the  load  increases  for  a  given 


type  of  tire  equipment.  This  does  not  mean  that  the 
reactions  in  pounds  for  each  of  these  trucks  are  iden- 
tical, but  that  the  relative  effects  which  are  expressed 
as  percentages'of  the  static  load  are  approximately  the 
same.  As  previously^discussed,  these  curves  also  show 
that  excessive  loads^have  a  great  leveling  effect  on 
cushioning  qualities'  whether  of  the  truck  spring  or 
tire  equipment,  and  if  the  tires  (with  cushioning  abili- 
ties between  those  of  the  new  solid  and  the  pneumatic 
types)  were  loaded  to  two  and  one-half  or  three  times 
their  rated  carrying  capacities  it  would  appear  that  the 
increase  over  static  load  would  become  negligible  for 
the  given  speed  and  obstruction  conditions.  The 
influences  of  the  individual  trucks  and  their  spring 
characteristics  are  more  pronounced  in  Figure  24, 
which  shows  the  influence  of  the  speed  of  the  trucks. 
As  tending  to  explain  some  of  the  apparently  erratic 
indications  of  Figures  23  and  24  it  should  be  stated 
that  the  truck  which  is  designated  as  of  3  tons  capacity 
was  in  reality  a  5-ton  chassis  equipped  with  a  3-ton 
body.  The  characteristics  of  the  springs  are  shown 
by  the  calibration  curves  in  Figure  25  and  the  load 
distributions  of  the  several  trucks  are  given  in  Figure 
26. 

The  vertical  impact  reaction  separated  into  its  com- 
ponents, caused  by  the  sprung  and  unsprung  parts  is 
shown  for  a  typical  test  condition  in  Figure  27.  It  has 
been  found  that  the  most  severe  impacts  are  obtained 
either  at  the  shock  on  striking  an  obstruction  or  at  the 
first  rebound  or  drop  after  the  obstruction  has  been 
passed.  It  is  also  true  generally  that  the  unsprung 
component  of  the  road  reaction  is  the  major  quantity, 
and,  so  long  as  the  unsprung  truck  weight  is  decelerated 
(or  accelerated)  at  all,  it  is  likely  to  be  the  deciding 
factor  in  the  total  road  reaction  regardless  of  the  com- 
pression of  the  truck  spring,. 

The  influence  of  the  truck  spring  is  felt,  however,  as 
shown  in  Figure  27,  and  under  certain  conditions, 
particularly  at  low  speeds  and  with  pneumatic  tire 
equipment,  the  lessening  of  the  sprung  component  due 
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Fig.  29.— Effect  of  tire  hardness  on  road  reaction 
using  new  and  worn-out  tires 

to  the  opening  of  the  truck  spring  may  be  sufficient  to 
cause  the  total  vertical  road  reaction  to  be  less  than  if 
the  truck  had  been  standing  on  the  road. 

RESULTS  OF  AUXILIARY  TESTS 

The  next  group  of  figures  shows  results  of  a  few 
auxiliary  tests  which  have  been  made.  Figure  28 
shows  the  effect  of  varying  the  unsprung  weight  of  a 
2-ton  truck  equipped  with  5-inch  dual  cushion  tires 
and  operated  with  a  rear- wheel  load  of  5,100  pounds 
at  a  speed  of  12  miles  per  hour.  The  unsprung  weight 
was  varied  by  lead  weights  affixed  symmetrically  to 
the  rear  axle  by  means  of  U  bolts.  Although  this  study 
is  not  exhaustive,  it  indicates  that  minor  variations  of 
the  unsprung  weight  ratio  do  not  seriously  influence 
the  road  reactions.     Figure  29  shows  the  effect  of  tire 
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hardness  or  compound  on  the  road  reaction.  A  3-ton 
truck  was  operated  at  12  miles  per  hour  with  its  rated- 
size,  dual,  solid-tire  equipment.  The  tires  were  prac- 
tically the  same  in  cross  section  but  varied  in  the  hard- 
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Fig.  30.— Effect  of  internal  tire  temperature  on  vertical  impact  reaction.  The 
new  tires  used  were  36  by  5  dual  cushions.  The  truck  was  of  2  tons  capacity  and 
the  load  per  rear  wheel  was  5,100  pounds.  The  unsprung  weight  per  rear  wheel 
was  1,116  pounds;  and  the  speed  was  12  miles  per  hour 

ness  of  rubber  compound.  They  represent  two  stand- 
ard makes  and  the  tests  indicate  that  the  composition 
of  tires  in  current  use  is  not  an  important  factor  in 
impact  reactions.  Figure  30  shows  the  effect  of  in- 
ternal fire  temperature  up  to  190°  F.  for  a  typical  test 
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Fia.  31.— Effect  on  impact  reaction  of  varying  front-wheel  tire  equipment  as  in- 
fluenced by  the  rear  tire  load.  This  test  was  made  with  a  3-ton  truck,  having 
rear  wheels  equipped  with  rated-size  dual  pneumatic  tires,  and  operated  at  12 
miles  per  hour  over  the  1*A  by  30-inch  inclined  plane 

condition.  A  slight  drop  in  the  impact  reaction  is 
noted  as  the  tire  becomes  warm.  It  was  found  to  be 
impracticable  to  attain  higher  internal  tire  tempera- 
tures in  the  truck  tests,  and  it  is  therefore  not  known 
what  might  occur  under  certain  service  conditions, 
wherein  tires  may  reach  their  melting  temperatures. 

The  influence  of  single  pneumatic  and  single  solid- 
tire  equipments  on  the  front  wheel  of  a  3-ton  truck 
the  rear  wheels  of  which  were  equipped  with  dual 
pneumatic  tires  is  shown  in  Figure  31.  The  truck  was 
operated  at  a  speed  of  12  miles  per  hour  over  the  1% 
by  30  inch  inclined  plane.  This  study,  though  not  ex- 
haustive indicates  that  the  front  wheel  equipment  does 
not  greatly  influence  the  rear  wheel  reaction. 


During  the  tests  a  certain  type  of  new  tire,  which 
had  a  nonskid  tread  design  now  obsolete,  was  used  on 
a  truck  as  dual  equipment.  The  tires  were  placed  on 
the  wheel  with  the  tread  designs  opposite  and  then 
with  the  tread  designs  staggered.  The  markings  on 
these  tires  were  unusually  deep  and  by  varying  the 
mountings  as  above  an  exceptional  variation  in  cross- 
sectional  rubber  was  obtained.  This  change  in  mount- 
ing was  of  itself  sufficient  to  reduce  the  impact  reaction 
from  3,600  to  1,200  pounds  at  each  repetition  of  tread 
design  (or  about  8  inches)  along  a  smooth  concrete  road. 

From  the  tests  made  on  these  tires  it  is  concluded 
that  any  appreciable  variation  of  cross-sectional  rubber 
or  breaks  in  its  continuity  will  cause  heavy  repeated 
impacts  to  be  delivered  to  the  road;  and  it  is  specifi- 
cally recommended  that  dual  tires  should  always  be 
mounted  with  the  tread  designs  staggered. 

New  French  Magazine  Appears 


Revue    Generale    des    Routes,    to    be    Published    Under 
Auspices  of  the  Ministry  of  Public  Works 


the 


Announcement  has  been  received  of  the  publication 
in  France  of  a  new  monthly  magazine,  the  Revue 
Generale  des  Routes  et  de  la  Circulation  Routiere, 
under  the  auspices  of  the  road  -office  of  the  Ministry  of 
Public  Works. 

Introduced  by  Senator  Albert  Mahieu,  president  of 
the  permanent  international  association  of  road  con- 
gresses, the  new  magazine  has  the  backing  of  all  groups 
interested  in  the  solution  of  French  road  problems,  in- 
cluding members  of  Parliament,  the  national  adminis- 
tration, contractors,  highway  engineers,  producers  of 
road  materials,  and  representatives  of  the  motor  ve- 
hicle industry. 

The  aim  of  the  publication,  as  announced  by  M. 
Pierre  Guieu,  director  general,  is  to  contribute  in  all 
possible  ways  to  the  reconstruction  of  the  French  road 
system  and  to  the  improvement  of  methods  of  highway 
administration,  financing,  and  construction. 

In  addition  to  the  introduction  by  Senator  Mahieu 
the  first  number  contains  interesting  articles  on  grade 
crossings,  slippery  pavements,  city  street  construction, 
and  a  technical  index,  including  a  bibliography,  ex- 
tracts from  reviews,  and  a  list  of  patents  by  recognized 
French  authorities  on  the  various  subjects. 

In  ^subsequent  numbers  the  discussion  of  slippery 
pavements  and  grade  crossings  will  be  continued;  and 
among  other  articles  promised  is  one  on  American 
roads  by  A.  Antoine.  Others  will  deal  with  the  pro- 
tection of  dangerous  crossings,  studies  of  road  materials, 
and  the  construction  of  forest  roads.  The  forthcoming 
issues  will  also  contain  full  information  with  regard  to 
the  Fifth  International  Road  Congress  at  Milan,  in- 
cluding programs  and  itineraries. 

The  offices  of  the  new  publication,  of  which  M. 
Pierre  Guieu  is  director  general,  are  at  9  Rue  Coet- 
logon,  Paris  (VI).  The  foreign  subscription  rate  is 
announced  as  from  $5  to  $6. 


MAXIMUM  STREAM  FLOW 

A  FORMULA  FOR  GENERAL  USE 

By  C.  E.  GRUNSKY,  Consulting  Engineer  and  Past-President  American  Society  of  Civil  Engineer 


THE  FOLLOWING  comments  on  maximum  stream 
flow  are  prompted  by  the  article  published  in 
Public  Roads,  February,  1926,  by  Capt.  C.  S. 
Jarvis.  This  article  is  entitled  "A  General  Formula  for 
Waterways"  and  its  author  advocates  the  use  of  a 
formula  for  maximum  stream  flow  based  on  area  and 
a  variable  coefficient.  He  has  selected  the  Myers  for- 
mula in  which  maximum  discharge  is  assumed  to  be 
proportional  to  the  square  root  of  the  watershed  area 
as  best  adapted  to  express  the  increase  of  discharge  as 
area  increases.  He  quotes  in  comparison  formulas  for 
the  maximum  rate  of  discharge  as  devised  by  Fanning, 
Talbot,  and  McMath. 

All  of  these  formulas  have  inherent  defects  and  al- 
though applicable  under  certain  conditions  and  in 
localities  where  data  are  available  for  determining  the 
coefficients  they  obviously  lack  the  elements  which 
would  make  them  generally  applicable.  The  reasons 
why  this  must  be  so  will  be  briefly  set  forth. 

The  intensity  of  the  rainfall  and  its  distribution 
throughout  any  given  watershed  is  one  of  the  main 
factors  which  determines  the  maximum  rate  of  run- 
off at  the  outfall  point  of  the  watershed.  But  maximum 
rain  intensity  has  a  wide  range  throughout  the  world. 
It  is  largest  on  small  areas.  It  decreases,  in  other  words, 
as  area  increases.  The  run-off  producing  storm  may, 
moreover,  have  a  materially  different  effect  if  the  storm 
travels  downstream  from  that  which  it  would  produce 
if  it  traveled  upstream. 

The  outline  of  the  watershed,  whether  compact  or 
elongated,  broad  at  the  base  or  narrow  at  the  base, 
affects  the  rapidity  of  water  concentration  and  there- 
fore the  peak  run-off  rate. 

The  gradient  of  the  main  lines  of  flow  along  which 
the  water  moves  to  arrive  at  the  outfall  determines 
the  time  which  it  takes  the  water  from  the  various 
subdivisions  of  the  watershed  to  get  to  the  outfall 
point,  and,  therefore,  the  topographic  and  geographic 
features  of  the  watershed  must  be  regarded  as  having 
an  effect  upon  the  maximum  rate  of  run-off. 

Finally  there  is  the  effect  of  the  size  of  the  watershed 
on  this  rate.  The  maximum  rate  of  rainfall,  considered 
as  an  average  over  large  areas,  grows  smaller  as  the 
areas  in  question  grow  larger;  and  in  consequence 
the  rate  of  run-off  per  unit  of  surface  must  likewise 
be  smallest  for  the  largest  area. 

It  follows  that  every  formula  of  the  type  of  those 
which  are  noted  by  Captain  Jarvis  in  his  contribution 
are  seriously  at  fault  because  they  do  not  contain  a 
rain-intensity  factor.  They  are  serviceable  at  the  best 
only  when  the  areas  to  which  they  are  applied  are 
similar  in  general  topographic  characteristics,  in  out- 
line, in  geologic  surface  structure,  and  in  meteorological 
conditions.  When  this  is  the  case,  and  then  only, 
can  such  formulas  be  used,  with  some  confidence,  to 
approximate  the  maximum  stream  flow  from  water- 
sheds of  various  areas,  based  always,  however,  on  the 
known  maximum  stream  flow  from  at  least  one  area  of 
similar  characteristics  which  will  serve  to  establish 
the  value  of  the  variable  coefficient  which  appears  in 
the  formula. 


GENERAL  FORMULAS  MUST  INVOLVE  RAINFALL  INTENSITY 

Any  formula  for  general  application  must  take  into 
account  the  intensity  of  the  rainfall  which  produces 
maximum  stream  discharge.  This  intensity  when 
applied  to  an  area  of  some  extent,  in  contradistinction 
to  a  single  point,  decreases  as  the  area  increases. 
Furthermore  the  larger  the  areas  of  similar  shape,  the 
longer  will  it  take  the  run-off  to  reach  the  outfall 
point.  And,  moreover,  less  time  will  be  required  for 
run-off  waters  to  reach  an  outfall  point  from  a  fairly 
circular  compact  area  than  from  an  area  which  is  much 
elongated. 

It  follows  that  the  time  which  it  takes  the  run-off  to 
reach  the  outfall  point  from  the  various  subdivisions  of 
a  watershed  is  an  important  element  to  be  considered  in 
devising  a  formula  for  the  maximum  stream  discharge. 
Whenever  it  is  possible  to  approximate  the  time  (t) 
required  for  the  maximum  concentration  of  run-off 
water  at  the  outfall  point,  it  is  possible  also  to  compute 
from  the  known  weather  or  meteorological  conditions 
the  volume  of  the  precipitation  in  this  concentration 
period,  and  this  volume  of  water  can  then  be  made  the 
starting  point  in  the  estimate  of  storm -water  discharge. 
The  further  modifying  factor  depending  on  the  absorp- 
tive properties  of  the  surface  of  any  area  in  question 
must  also  be  taken  into  account  and,  because  these 
surface  conditions  are  variable,  will  necessarily  appear 
in  any  formula  as  a  variable.  The  effect  of  the  reten- 
tion of  water  in  depressions  or  basins,  such  as  lakes, 
swamps,  and  the  like,  when  these  are  relatively  small, 
will  generally  be  sufficiently  Ntaken  care  of  in  the  deter- 
mination of  the  time  to  be  allowed  for  run-off  concen- 
tration. When  a  relatively  large  area  of  a  watershed 
is  lake  or  swamp  surface,  special  consideration  must  be 
given  to  the  effect  of  storage  on  the  run-off  and  on  the 
maximum  stream  flow,  and  ordinary  formulas  will  no 
longer  apply. 

A  rather  complete  analysis  of  this  subject  has  been 
attempted  by  the  writer,  the  results  of  which  were 
contributed  to  the  American  Society  of  Civil  Engi- 
neers.1 It  will  not  be  necessary  to  review  this  analysis 
which  showed  the  intimate  relation  of  maximum 
stream  discharge  to  maximum  precipitation  intensity. 
It  will  suffice  to  say  that  it  led  to  the  following  sug- 
gestions: 

1.  The  maximum  rainfall  intensity  can,  for  all  practical  pur- 
poses, be  expressed  by  the  formula 


.(!> 


where  /  represents  the  maximum  rain  in  inches  per  hour  during 
the  time  t  (in  minutes),  and  C  is  a  constant  for  any  locality  to  be 
determined  from  the  known  maximum  rate  of  rain  in  one  hour, 
whenever  small  areas  are  involved,  and  from  the  maximum  rain 
in  some  longer  period,  as,  for  example,  24  hours  when  large  areas 
are  involved.  Thus,  for  example,  if  the  maximum  rainfall  R,  in 
one  hour  (60  minutes)  is  1  inch  then 


B=V6oandC= 


=  V60,or  C=7.75. 


i  The  Sewer  System  of  San  Francisco,  and  a  Solution  of  the  Storm-water  Flow 
Problom  Trans  Amer.  Soc.  of  Civ.  Engrs.,  Vol.  LXV,  p.  294;  and  Rainfall  and 
Run-off  Studies.    Trans.  Amer.  Soc.  of  Civ.  Engrs.,  Vol.  LXXXV  (1922),  p.  66. 

83 


84 


PUBLIC   EOADS 


Vol.  7,  No.  4 


This  is  a  value  which  will  apply  to  some  Pacific  coast  conditions. 
Or  again  if  it  be  known  that  the  maximum  precipitation  in  24 
hours  over  some  large  area  in  question  is  4  inches  then 


/24=*4 =0.167  and  0.167 =-77= 


VM40' 


making  C  =  6.3 


In  the  Middle  West  and  on  the  Atlantic  coast  the  values  of  the 
constant  in  the  rainfall  intensity  formula  will  generally  be  three 
to  five  times  as  great  for  small  areas  and  two  to  three  times  as 
great  for  large  areas  as  on  the  Pacific  slope. 

2.  The  formula  for  maximum  storm-water  flow  should  take 
into  account  this  maximum  possible  rain  intensity  and  the  topo- 
graphic and  soil  characteristics  of  the  watershed.  Such  a  formula 
should,  therefore,  include  as  one  of  its  elements  rainfall  intensity 
as  deduced  for  the  region  in  question  from  meteorological  con- 
ditions, and  the  time  of  run-off  concentration,  and,  also,  a  variable 
factor  based  on  the  soil  characteristics  of  the  watershed. 

A  GENERAL  FORMULA  RECOMMENDED 

These  considerations  have  led  the  writer  to  adopt 
and  recommend  a  formula  for  maximum  stream  flow 
which  is  as  simple  as  could  well  be  desired  and  which 
will  give  dependable  results  whenever  adequate  data 
relating  to  rainfall  and  the  surface  characteristics  of  the 
watershed  are  known.  The  Jarvis  modification  of  the 
Myers  formula  reduces  it  to  a  mere  skeleton,  making 
the  maximum  discharge  proportional  to  the  square 
root  of  the  area,  but  retaining  therein  a  factor  p  or  P 
which  the  engineer  must  evaluate  on  some  information 
relating  to  the  same  factors  which  enter  into  the  type 
of  formulas  intended  for  more  general  application. 
The  principal  purpose  of  the  Jarvis  formula,  and  this 
only  within  certain  limits,  seems  to  be  to  approximate 
discharge  from  a  watershed  when  the  discharge  from 
some  other  watershed  of  similar  surface  character  and 
in  the  same  general  region  is  already  known. 

Other  formulas  such  as  the  McMath  formula  and 
the  Burkli-Ziegler  formula  2  take  rainfall  intensity  into 
account.  They  are  in  a  different  class  from  the  Myers 
formula  as  modified  by  Captain  Jarvis  and  such  other 
formulas  as  those  of  Kuichling,  Fuller,  and  Metcalf 
and  Eddy  in  which  the  precipitation  factor  does  not 
appear.  But  even  the  McMath  and  Burkli-Ziegler 
formulas  have  their  limitations  which  it  is  not  proposed 
to  discuss  at  this  time.  , 

The  formula  which  the  writer  suggests  as  one  for 
general  use  is  as  follows : 

Dm  =  U3aMI (2) 

In  this  formula  Dm  =  maximum   rate   of   discharge   from   the 
watershed  in  second-feet. 
M  =  watershed  area  in  square  miles. 

o  =  a  variable  coefficient  depending  on  the 
character  of  the  surface  of  watershed. 

7  =  the  maximum  average  rainfall  intensity 
throughout  the  entire  watershed,  ex- 
pressed in  inches  per  hour,  during  the 
time  (0  in  minutes,  which  is  the  time 
that  it  will  take  water  under  maximum 
rainfall  conditions  to  concentrate  at 
the  outfall  point  and  produce  maxi- 
mum discharge. 

It  is  to  be  noted  that  the  application  of  this  formula 
to  a  part  only  of  a  watershed  may  give  a  result  larger 
than  that  obtained  under  its  application  to  the  entire 
watershed.  This  is  not  inconsistent;  but  in  that  event 
the  larger  value  of  Dm,  whichever  it  may  be,  will  repre- 
sent the  desired  maximum  stream  flow. 


For  use  in  the  formula  the  value  of  /,  the  rain  intensity 
which  produces  maximum  discharge,  is  to  be  ascer- 
tained as  already  explained.  The  coefficient  a  which 
represents  the  effect  of  soil  absorption  must  decrease 
as  the  time  which  it  takes  the  water  to  reach  the  out- 
fall point  increases.  For  a  small  impervious  area,  a  =  1 . 
These  facts  have  suggested  the  following  expression 
for  a 

60  ,„v 

60  +  cV< 

The  coefficient  c  in  this  equation  is  to  be  determined 
from  the  surface  conditions  of  the  watershed  and  the 
following  values  are  tentatively  suggested : 

For  impervious  areas c  =  0.1 

For  mountainous  areas c  =  2.0 

For  rolling  country c  =  3.0 

For  rolling  and  flat  country  (by  interpolation)  c=  (3  to  10) 

For  flat  country  (ordinary  soil) c=10.0 

For  sandy  regions c=50.0 

These  values  are  intended  to  apply  under  ordinary 
conditions  in  temperate  climates.  They  are  probably 
too  small  in  localities  where  rain  falls  on  frozen  ground 
or  on  snow. 

Table  1. — Values  of  the  coefficient,  a,  computed  from  the  formula, 

fiCl 

0=         — j=>  for  use  in  the  formula  Dm  =  418  aMI 


~60  +  c*J  t 


Critical  time  (1)  minutes 

Imper- 
vious 
areas 

c=0.10 

Moun- 
tainous 
areas 
c  =  2 

Rolling 

country 

c=3 

Flat 

country 

c  =  10 

Sandy 

regions 

c  =  50 

5. 

1  00 

0.93 
.90 
.87 
.85 
.79 
.73 
.69 
.55 
.44 
.26 
.20 
.15 

0.90 
.87 
.82 
.79 
.72 
.65 
.60 
.45 
.35 
.19 
.14 
.11 

0.73 
.66 
.57 
.52 
.44 
.35 
.31 
.20 
.14 
.066 
.048 
.034 

0.35 

10 

1 

00 
99 
99 
99 

98 

'.IS 

96 
94 

88 
83 

78 

.27 

20.    .             

.21 

30 

.18 

60... 

.13 

120..            

.099 

180 

.082 

600 

.047 

1,440.. 

.031 

7,200 

.014 

14,400. 

.010 

28,800... 

.007 

Wherever  dependable  information  relating  to  maxi- 
mum storm  water  discharge  exists  for  one  or  more 
streams  which  are  comparable  in  the  matter  of  surface 
characteristics  with  those  of  some  stream  for  which 
the  maximum  possible  discharge  is  to  be  ascertained, 
then  the  proper  value  of  a  or  of  c  can  be  determined 
with  fair  dependability. 

Itremains  to  be  stated  that  the  simple  relation  ex- 
isting between  /  and  R  permits  of  a  substitution  of  R 
for  /  in  the  formula  which  may  therefore  be  written  in 
two  forms : 

1.  When  I — that  is,  the  maximum  intensity  of  rain  on  the 
watershed  during  the  critical  time — t,  has  been  ascertained  then 
as  alreadv  noted: 

Dm  =  413  aMI 

2.  When  R — the  maximum  rainfall  (in  inches)  in  one  hour,  is 
known  then,  because  7=     .-.  >  there  will  be: 

V  t 


n  _3,200  aMR 

m"       VT 


■(4) 


APPLICATION  OF  FORMULAS  ILLUSTRATED 


!  Rainfall  and  Run-off  Studies, 
p.  100. 


Trans.  Amer.  soc.  of  civ.  Engrs.,v0i.  lxxxv,    .   T}*  application  of  these  formulas  can  best  be  illus- 
trated by  a  few  examples : 
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Example  I. — What  is  the  maximum  discharge  of  a 
river  draining  a  mountain  watershed  of  1,900  square 
miles,  in  which  the  maximum  amount  of  rain  averaged 
for  the  entire  watershed  is  8  inches  in  24  hours,  and  for 
which  the  critical  time,  t,  is  12  hours  or  720  minutes? 

Here  c  =  2  and  therefore  from  equation  (3) 


60 


60  +  2V720 


=  0.53 


This  value  of  a  could  have  been  taken  from  the  table 
in  the  mountain  column  by  interpolation. 

Equation  (1)  gives 


and 


C=^xVl,440=12.6 


I  ==-j==  —  0A7  inches  per  hour. 


V720" 


Therefore  from  (2) 


Dm  =  413X0.53X  1,900X0.47=  195,000  second-feet 


or;  because 


Therefore  from  (4) 


tf=^6=1.63. 
V60 


Z)m== 


3,200X0.53X1,900X1.63 
V720 


=  195,000  second-feet. 


The  conditions  suggested  in  this  example  are  com- 
parable with  those  which  prevail  in  the  watershed  of 
the  American  River  above  Folsom,  Calif.,  which 
from  a  watershed  of  1,900  square  miles  has  probably 
discharged  180,000  to  200,000  second-feet  at  the  peak 
of  a  flood  period  (1861-62). 

Example  II. — What  is  the  maximum  discharge  of  a 
river  draining  a  watershed  three-fourths  mountainous 
and  one-fourth  rolling  or  foothill  land,  9,000  square 
miles  in  area,  in  which  the  maximum  amount  of  rain 
in  two  days  over  the  entire  watershed  is  6  inches  and 
for  which  £=30  hours  or  1,800  minutes? 

Here  a  will  be  found  by  interpolation  between  two 
columns  of  the  table  or 


(60+2Vl)80o)+M(60+3Vl,80o)-0'39- 


Equation  (1)  gives 


C  =  ^-V2,880  = 


:6.7 


and 


6.7 

Vl,800 


=  0.158  inches  per  hour. 


Therefore  from  (2) 

Z)m=413X0.39X9,000X0.158=229,000  second-feet. 

The  conditions  suggested  in  this  example  are  com- 
parable with  those  which  prevail  in  the  watershed  of 
the  Sacramento  River,  Calif.,  at  Red  Bluff,  where 
the  maximum  recorded  discharge  has  been  about 
250,000  second-feet. 

Example  III. — What  is  the  maximum  discharge  of  a 
river  draining  a  watershed  of  250,000  square  miles, 
equal  parts  of  which  are  mountains  and  rolling  country, 
in  which  the  greatest  amount  of  rain  in  one  month  over 
the  entire  watershed  is  6  inches  and  for  which  the 
critical  time,  t,  is  20  days  or  28,800  minutes? 


Here  a  is  again  to  be  found  by  interpolation  between 
the  two  columns  of  the  table  or: 


«=l/2(6 


60 


,60+2V28,800. 
Equation  (1)  gives: 

C=72oV43^200=1.73 


)  +  l/2( 


60 


60  +  3V28  800 


)=»■ 


13 


and 


/= 


1.73 

V28^806" 


(1.1)102 


Om=413X0.13X250,000X0.0102=  137,000  second-feet. 

This  third  illustration  is  typical  of  the  conditions 
which  prevail  in  the  watershed  of  the  Colorado  River, 
which  has  an  area  of  about  245,000  square  miles 
(above  Yuma)  and  from  which  the  maximum  run-off 
is  at  times  about  0.6  second-foot  per  square  mile. 

When  applied  to  small  areas  as  in  the  case  of  studies 
for  capacities  of  storm-water  sewers,  it  will  be  found 
convenient  to  use  the  formula  in  its  second  form,  equa- 
tion (4),  and  to  express  area  in  acres  instead  of  square 
miles  as  the  unit.  The  formula  will  then  appear  in  the 
form: 


An= 


5a  M'  R 


-(5) 


Here  M'  is  the  area  of  the  watershed  in  acres,  R  the 
maximum  rainfall  in  one  hour  and  a  the  coefficient 
determined  by  surface  characteristics  as  shown  in  the 
table. 

Example  IV. — To  illustrate  the  application  of  the 
formula  to  a  small  area,  let  it  be  required  to  determine 
the  maximum  storm  water  flow  from  a  combined  urban 
and  suburban  area  5,000  acres  in  extent  of  which  one- 
third  is  impervious  and  two-thirds  rolling  country, 
and  which  is  so  located  that  the  critical  time  t  is  90 
minutes  in  a  region  for  which  the  maximum  rainfall  in 
one  hour  is  known  to  be  3  inches. 

In  this  case,  using  the  table,  the  value  of  a  will  be: 

o=MX0.  99+^X0.  69=0.  79. 
Equation  (5),  therefore,  gives 

5X0.79X5,000X3 


Dm=- 


V90 


=  6,200  second-feet. 


This  is  at  the  rate  of  about  800  second-feet  per  square  mile. 

In  using  any  formula  for  maximum  stream  flow  it 
must  be  remembered  that  the  value  of  R  as  determined 
from  single  station  records  is  not  the  value  of  R  for  an 
area  of  considerable  extent,  because  the  area  over  which 
there  is  coincident  maximum  rainfall  is  limited.  For 
the  large  area  this  value  will  be  somewhat  less  than 
that  deduced  for  the  time  t  from  single  station  records. 
The  formula  may,  therefore,  be  assumed  to  include  a 
moderate  factor  of  safety  when,  as  is  customary,  the 
single  station  records  are  used  without  any  correction 
for  the  lapse  of  time  between  the  arrival  of  a  storm 
in  one  part  of  the  watershed  and  its  arrival  in  another. 

The  hope  is  ventured  that  engineers  who  are  con- 
cerned with  the  determination  of  maximum  storm-water 
flow  from  any  watershed  can  be  made  to  realize  that 
no  formula  should  be  considered  generally  applicable 
unless  it  includes  two  variables,  one  based  on  maximum 
precipitation  and  the  other  on  the  surface  characteristics 
of  the  watershed.  In  the  case  of  all  other  formulas 
their  limitations  should  be  clearly  set  forth.  They 
should  not  be  called  generally  applicable. 
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DISCUSSION 

By  O.  L.  Grover,  Bridge  Engineer,  United  States  Bureau  of  Public  Roads 

The  need  for  a  general  waterway  formula  is  apparent 
when  one  is  confronted  by  several  formulas  and  tables 
which  are  in  use  in  different  sections  of  the  country.  A 
formula  is  an  aid  in  checking  and  comparing  sizes  of 
waterways  but  is  generally  not  sufficiently  close  for  the 
results  to  be  used  without  the  field  data  which  should 
be  obtained  so  far  as  possible.  No  formula  should  be 
used  to  supplant  reliable  field  information.  Frequently 
rough  values  are  wanted  in  a  hurry  and  later  the 
checking  of  tentative  sizes  which  have  been  determined 
in  other  ways  is  of  great  value.  A  means  of  comparing 
sizes  is  needed.  It  is  believed  such  a  means  is  at  hand 
in  the  published  charts  on  which  the  Myers  formula 
has  been  platted.  When  applied  on  topographical 
maps  so  that  drainage  areas  and  topographical  features 
are  before  one,  great  benefits  should  oe  had  and  for  a 
minimum  of  labor  and  time. 

Formulas  having  more  factors  to  represent  more  or 
less  independent  variables  may  have  justifiable  advan- 
tage in  finding  proper  sizes  for  storm-water  sewers  and 
other  expensive  structures,  but  the  comparatively 
simple  method  suggested  by  Mr.  Jarvis  has  much  to 
recommend  it  for  open  country  stream  crossings  where 
complete  and  accurate  surveys  are  the  exception  rather 
than  the  rule. 


By  C.  S.  Jarvis,  Associate  Highway  Engineer,  United  States  Bureau  of  Public  Road  s 

The  formula  proposed  and  successfully  used  by  Mr. 
Grunsky  is  a  good  example  of  refined  methods  applied 
to  a  very  elusive  problem.  The  results  are  dependable 
in  proportion  to  the  basic  knowledge,  experience,  and 
judgment  of  the  manipulator. 

Any  expression  that  is  flexible  enough  to  cover  the 
entire  field  of  design  is  also  capable  of  yielding  errone- 
ous results,  because  of  the  wide  range  in  coefficients. 
The  safest  basis  of  control  seems  to  be  that  which 
gives  a  direct  comparison,  such  as  the  percentage  scale 
affords. 

If  the  variations  due  to  extent  of  watershed  are 
accounted  for  by  employing  some  definite  function 
of  the  drainage  area,  whether  it  be  the  square  root 
or  any  other,  then  the  influence  of  slope,  vegeta- 
tion, soil  porosity  precipitation,  and  other  similar 
influences  maywell  be  measured  by  changes  in  the 
coefficient,  if  the  modified  Myers  formula  is  well 
founded. 

To  test  the  Myers  scale  for  practical  purposes,  12 
problems  were  submitted  to  engineers  of  the  highway 
and  agricultural  engineering  branches  of  the  United 
States  Bureau  of  Public  Roads;  of  the  Southern  Rail- 
way Co.,  the  United  States  Army,  and  the  Geological 
Survey. 

This  set  of  problems  was  solved  in  from  one  to 
two  hours  by  reference  to  topographic  maps,  rain- 
fall records,  and  the  tabulated  data  published  in 
connection  with  the  paper  entitled  "Flood  Flow 
Characteristics"  published  in  the  Proceedings  of 
the  American  Society  of  Civil  Engineers,  Decem- 
ber, 1924,  to  December,  1925.  The  results  were  as 
follows : 


Stream  and  location 


Bear  Creek,  near  Denver, 
Colo 

Hinkson  Creek,  Columbia, 
Mo 

Santa  Fe  Creek,  Santa  Fe, 
N.  Mex 

Catoma  Creek,  Montgom- 
ery, Ala 

White  River,  Seattle,  Wash. 

Rock  Creek,  near  Gettys- 
burg, Pa 

Marais  des  Cygnes  (Osage), 

Ottawa,  Kans 

Rouge  River,  Detroit,  Mich. 
Tallahatchie  River,  Bates- 

ville,  Miss 

Kootenai   River,  Bonner's 

Ferry,  Idaho 

Klamath    River,   near   its 

mouth,  northwest  Calif, . . 
Rio  Grande,   Brownsville, 

Tex 


Drain- 
age 
area 


Sq. 
miles 


285 
424 


1,247 


1,595 

13,  000 
}  15, 500 

230,  000 


Ratings  on  the  Myers  scale 
determined  independently 
by  five  engineers 


No. 
1 


P.ct. 
15.0 

15.0 

6.0 
10.1 

14.0 

21.0 

14.1 
3.0 

12.0 

12.3 
30.0 

10.0 


No. 
2 


P.ct. 
14 


30 


No. 
3 


P.ct. 
12 


No. 

4 


P.ct. 
14.0 

17.0 

7.0 

10.0 

15.0 

25.0 

18.0 
3.0 

12.0 

11.0 
25.0 

7.5 


No. 
5 


P.ct. 

14 


Authoritative 
solutions 


Rat- 
ing 


P.ct. 


ri2.  0 
I  8.4 
ri2. 3 


16.6 


9.7 

11.0 
f20.0 

114.5 

7.9 


Re- 
quired 
water- 
way 
area  ' 


Sq.ft. 


2  2, 030 
»  1,  420 

2  2,  530 

3  1,  810 


2  5,  860 


3,870 

2  12,  600 
2  25, 000 
3 18, 200 

2  38, 000 


1  Derived  from  fundamental  formula,  w=  10  p  V  M,  where  M  equals  drainage  area 
in  square  miles,  w  is  the  waterway  area  required  and  p  the  percentage  rating. 

2  Rare. 

8  Frequent. 

Only  first  approximations  were  attempted  in  each 
case,  as  the  time  was  limited,  but  the  results  are  in 
close  enough  agreement  with  each  other  and  with  the 
authoritative  solutions,  whenever  available,  to  serve 
as  a  check. 

The  concensus  of  opinion  among  those  who  ob- 
served or  participated  in  this  test  is  that  a  single 
problem  solved  by  other  methods  would  ordinarily 
require  nearly  the  same  period  of  time  as  was  used  for 
the  entire  set  with  the  Myers  scale  and  method  of 
approach. 

Among  the  various  rational  and  empirical  waterway 
formulas  which  have  met  with  favor,  such  as  the  one 
proposed  by  Mr.  Grunsky,  there  seems  to  be  the  need 
of  a  common  denominator  or  means  of  translation  of 
results.  Those  who  have  tested  the  Myers  scale  have 
regarded  it  as  a  basis  of  comparison,  where  for  example 
the  flood  intensities  of  drainage  areas  rating  10  per 
cent  and  20  per  cent  respectively  are  shown  in  their 
correct  relation  even  though  the  watersheds  may  be 
unequal  in  extent. 

The  adopted  coefficient  p  for  the  modified  Myers 
formula  in  any  given  case  is  a  percentage  representing 
the  algebraic  sum  of  all  influences  affecting  run-off,  and 
in  this  group  rainfall,  slope,  and  soil  porosity  are  of 
prime  importance. 

Since  the  publication  of  the  article  "A  General 
Formula  for  Waterways"  in  Public  Roads,  Febru- 
ary, 1926,  two  diagrams  have  been  prepared  for  use  in 
determining  the  Myers  scale  rating  of  a  stream  where 
the  drainage  area  and  the  discharge  are  known.  In 
the  diagram  on  page  87  the  ordinate  q  represents  the 
run-off  per  square  mile  while  the  diagram  on  page  88 
employs  Q,  the  total  discharge  in  cubic  feet  per  second 
corresponding  to  the  observed  flood  stage.  These 
diagrams  are  intended  as  an  appendix  to  the  former 
article. 


June,  1926 
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11  =  RUN-OFF  IN  SECOND-FEET  PER  SQUARE  MILE 
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Q  =  MAXIMUM  VOLUME  OF  FLOOD  DISCHARGE  IN  CUBIC  FEET  PER  SECOND 
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SURVEY  OF  SOILS  AND  PAVEMENT  CONDITIONS  IN 

PROGRESS  IN  MICHIGAN 

By  V.  R.BURTON,  Engineer  on  Special  Assignments,  Michigan  State  Highway  Department 


A  COMBINED  pavement  condition  and  soil  sur- 
vey was  begun  by  the  Michigan  State  High- 
way Department  late  in  the  fall  of  1925.  The 
work  was  discontinued  because  of  extremely  wet 
weather  and  subsequent  freezing.  At  the  time  the 
operations  were  temporarily  halted  108  miles  of  pave- 
ment-condition surveys  had  been  made  and  16  miles 
of  general  soil  surveys  were  finished.  The  plans  for 
1926  include  the  survey  of  the  remaining  2,000  miles 
on  the  State  highway  system.  Whether  the  work  will 
be  accomplished  depends  to  some  extent  upon  the 
funds  available.  However,  it  is  the  intention  to  cover 
during  the  coming  season  at  least  a  large  variety  of 
soils  and  pavement  designs.  Sufficient  work  has  been 
done  already  to  determine  upon  adequate  methods 
for  collecting  and  classifying  the  information;  and  the 
1926  work  will  be  begun  with  a  clear  understanding 
of  the  organization  and  methods  necessary  to  com- 
plete the  survey.  Acknowledgment  should  be  made 
of  the  material  assistance  secured  from  a  study  of  the 
methods  of  the  Pennsylvania  State  Highway  Depart- 
ment pavement-condition  survey. 

The  building  of  concrete  pavements  in  Michigan 
has  been  going  on  at  an  increasing  rate  for  the  past 
15  years,  and  it  is  probable  that  they  will  continue  to 
be  the  predominating  type  of  hard-surfaced  road  in 
the  State.  The  designs  of  pavement  slabs  vary  from 
the  old  6-8-6  cross  section  with  expansion  joints  at 
30-foot  intervals,  through  the  7  and  8  inch  uniform 
thickness  with  or  without  expansion  joints,  to  the  exist- 
ing 1924  sections  with  10-8-10,  9-7-9,  and  9-6-9 
dimensions  varied  to  suit  the  demands  of  traffic  and 
the  character  of  the  subgrade.  Various  methods  of 
subgrade  treatment  of  the  porous  subbase  type  have 
been  used  in  a  more  or  less  experimental  way  since 
1921.  Different  designs  of  subdrainage  and  steel 
reinforcement  have  been  in  use  throughout  the  same 
period. 

The  service  records  of  the  different  types  of  design 
throughout  the  State  should  furnish  some  valuable 
information.  It  only  remains  to  collect  and  classify 
these  data  for  the  purpose  of  deciding  upon  the  relative 
effectiveness  of  the  various  methods  of  design.  In- 
formation concerning  the  methods  of  construction, 
materials,  and  workmanship  has  been  recorded  by  the 
State  highway  department  especially  on  the  more 
recent  State-supervised  jobs.  The  pavement  survey 
was  projected,  therefore,  to  cover  the  major  portion, 
if  not  all,  of  the  pavements  laid  to  date. 

Lack  of  knowledge  of  the  kinds  and  properties  of 
subgrade  soils  is  the  most  serious  obstacle  to  a  better 
understanding  of  the  differences  in  the  behavior  of 
pavements  laid  under  apparently  identical  conditions. 
It  has  been  felt  that  this  factor  must  be  taken  into 
consideration  to  make  the  pavement-condition  survey 
of  any  great  value.  It  seems  to  be  generally  believed 
that  most  sandy  soils  provide  a  good  subgrade  while 
clay  soils  as  a  rule  are  poor  subgrade  material.  The 
intermediate  type,  however,  with  which  we  are  more 
often  concerned  seems  to  be  little  understood  or, 
worse  still,  not  even  recognized. 


The  decision  has  been  made,  therefore,  to  carry  on  a 
soil  survey  concurrently  with  the  pavement  survey 
for  the  purpose  of  determining  the  proper  subgrade 
and  pavement  design  suitable  for  a  particular  soil 
type  under  given  climatic  and  traffic  conditions.  A 
discussion  of  this  phase  of  the  matter  with  the  official 
in  charge  of  the  land  economic  survey  being  carried 
on  m  Michigan  brought  out  the  fact  that  about  one- 
third  of  the  State  had  been  covered  by  some  sort  of  soil 
survey  by  that  agency  and  the  State  agricultural 
college,  both  in  cooperation  with  the  Bureau  of  Soils 
of  the  United  States  Department  of  Agriculture.  The 
older  soil  maps  are,  for  our  purpose,  of  limited  value 
only  since  the  science  of  soil  mapping  and  testing  has 
been  undergoing  almost  as  rapid  a  change  as  that  of 
highway  engineering.  In  addition,  the  condition  and 
properties  of  a  subgrade  soil  must  be  determined  in 
greater  detail  and  from  a  different  viewpoint  than  even 
the  most  recent  agricultural  soil  maps  will  permit. 

BUREAU  OF  SOILS  SURVEYS  REDUCE  LABOR  OF  SUBGRADE  STUDY 

By  adopting  the  Bureau  of  Soils  classification  of 
series  and  types  and  profiles  it  seems  possible  to  dimin- 
ish to  a  considerable  extent  the  amount  of  laboratory 
testing.  For  instance  the  Fox  sand  is  distributed  quite 
generally  over  this  State  and  differs  only  slightly 
throughout  the  whole  area.  The  recognition  of  the 
fact  that  a  given  soil  type  in  any  particular  climate  and 
under  similar  conditions  of  'drainage  is  bound  to  be 
much  the  same  regardless  of  the  location  where  it  is 
found  is  a  new  idea  to  the  highway  engineer  and  not  a 
very  old  one  to  the  agricultural  soil  expert.  The 
work  of  the  Bureau  of  Soils  together  with  our  own 
State  agencies  has  made  soil  mapping  for  highway 
purposes  a  practical  possibility  although  this  work  was 
conceived  and  carried  out  almost  exclusively  for  the 
uses  of  agriculture  and  forestry.1 

About  100  different  types  of  soil  have  been  identified 
and  mapped  in  Michigan  up  to  the  present  time. 
While  this  may  seem  a  large  number  it  should  be  borne 
in  mind  that  once  a  type  is  recognized  and  tested,  very 
little  future  testing  will  be  necessary.  If  every  different 
soil  encountered  on  a  highway  had  to  be  tested  in  the 
laboratory  the  expense  and  labor  involved  would  be 
prohibitive.  The  value  of  the  Bureau  of  Soils  maps 
is  that  they  indicate  the  location  of  the  various  types, 
so  that  when  the  subgrade  characteristics  of  all  types 
have  been  determined  the  simple  identification  of  the 
type  will,  in  most  instances,  be  sufficient  to  stamp  the 
subgrade  as  good  or  bad. 

The  pavement  condition  survey  party  consists  of 
one  engineer  familiar  with  construction  and  three 
assistants.  Two  of  these  assistants  chain  the  pave- 
ment, marking  it  at  every  20  feet  and  painting  the 
station  number  every  100  feet.     The  third  assistant 

(Continued  on  page  92) 

i  Methods  of  making  soil  surveys  for  highways  using  Bureau  of  Soils  maps  are 
discussed  by  A.  C.  Rose  in  Public  Roads,  "  Practical  field  tests  for  subgrade  soils," 
v.  5,  No.  6,  August,  1924,  "Field  methods  used  in  subgrade  surveys,"  v.  6,  No.  5, 
July,  1925,  and  "The  present  status  of  subgrade  studies,"  v.  6  No.  7,  September, 
1925. 
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TESTS  OF  CONCRETE  IN  TENSION ' 


By  A.  N.  JOHNSON,  Dean,  College  of  Engineering,  University  of  Maryland 


THE  TESTS  here  described  are  the  result  of  cooper- 
ative work  between  the  University  of  Maryland, 
the  State  Roads  Commission  of  Maryland, 
and  the  United  States  Bureau  of  Public  Roads. 

The  purpose  was  to  obtain  more  data  as  to  the  rela- 
tive strength  of  concrete  specimens  in  compression 
and  tension,  the  tension  specimens  to  have  a  cross- 
sectional  area  equal  to  those  of  the  compression 
specimens. 

To  do  this  required  special  apparatus  which  was 
designed  and  made  in  the  shops  of  the  University  of 
Maryland.  Each  tension  specimen  consists  essentially 
of  a  cylindrical  section,  on  each  end  of  which  inverted 
frustums  of  cones  were  made,  so  that  the  total  length 
of  the  specimen  was  nearly  21  inches.  The  cylindrical 
portion  of  the  specimen  was  the  size  of  the  cylinders 
used  in  the  compression  tests,  9  inches  long  by  4^ 
inches  in  diameter.  The  tension  test  specimens 
were  cast  in  brass  moulds  which  were  split  their  entire 
length  and  bolted  together.  Before  casting  a  specimen, 
the  moulds  were  rubbed  with  an  oily  rag.  The  con- 
crete was  put  in  from  one  end  and  tamped  with  a  rod. 
As  the  concrete  was  placed  in  the  moulds,  they  were  hit 
with  a  wooden  mallet  which  resulted  in  a  concrete  free 
from  small  air  pockets.  The  compression  specimens 
were  cast  in  steel  moulds  which  were  made  by  splitting 
seamless  tubing  along  one  element  of  the  cylinders 
and  holding  the  edges  together  by  means  of  bolts 
attached  to  lugs.  Compression  specimens  were  tamped 
as  the  concrete  was  poured  in  one  end  and  these 
moulds  also  were  struck  with  a  wooden  mallet. 

From  a  given  batch  of  concrete,  three  specimens 
were  made  to  be  tested  in  compression  and  three  in 
tension.  No  particular  care  was  taken,  however, 
that  subsequent  batches  should  have  the  same  water 
ratio.  The  quartz  sand  used  contained  4  to  5  per  cent 
of  silt,  wet  measure,  and  a  trace  of  inorganic  impurities, 
and  had  a  fineness  modulus  of  3.28.  The  coarse 
aggregate  was  limestone  not  exceeding  1  inch  in  size, 
with  a  fineness  modulus  of  6.20. 

APPARATUS  FOR  TENSION  TEST 

In  the  design  of  the  apparatus  to  hold  the  tension 
specimen,  special  care  was  taken  to  insure  that  the 
geometric  axis  of  the  tension  specimen  should  coincide 
with  the  line  of  force  applied  to  the  specimens  by  the 
testing  machine.  For  this  purpose  there  had  been 
made  a  split  aluminum  cylinder  of  inside  diameter  and 
length  equal  to  the  diameter  and  length  of  the 
cylindrical  portion  of  the  tension  specimen;  and  two 
conical,  split,  brass  ends  the  smaller  diameter  of  which 
was  sufficient  to  permit  them  to  be  passed  over  the 
ends  of  the  test  specimen.  In  preparing  the  specimen 
for  testing  the  aluminum  cylinder  was  placed  around 
the  cylindrical  portion  and  held  in  place  by  a  wooden 
clamp.  The  brass  ends,  their  two  halves  bolted 
together,  were  then  passed  over  the  conical  ends  of  the 
specimen  until  they  rested  on  flanges  provided  at  the 
ends  of  the  aluminum  cylinder,  using  this  cylinder  to 

'  This  paper  is  substantially  the  same  as  a  paper  presented  by  the  writer  ;it  the 
annual  meeting  of  the  American  Society  for  Testing  Materials,  Atlantic  City,  N  J 
June  22-25,  1926. 
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center  them  with  reference  to  the  axis  of  the  specimen . 
There  was  thus  left  an  annular  space  between  the 
brass  end  pieces  and  the  specimen,  which  was  filled 
with  molten  rosin  poured  through  holes  in  the  top  of 
the  brass  ends.  As  soon  as  both  end  pieces  had  been 
thus  placed,  the  aluminum  centering  cylinder  surround- 
ing the  center  portion  of  the  specimen  was  removed. 
Reference  to  Figure  1  will  show  the  arrangement  of  the 
specimen  and  the  apparatus.  The  diagram  shows 
clearly  how,  by  means  of  links  and  pins  with  rocker 


PIN 


LINK 

ROCKER   BEARING 


SPACE  FILLED 
WITH   MOLTEN 
FILLER  AFTER 
ENDS  ARE 
CENTERED. 


SCREWS  TO  SPREAD 
CYLINDER  WHEN 
REMOVED. 


I  Oj       CONICAL   SPLIT 
BRASS    ENDS 


FOR  BOLTS 


SPLIT  CYLINDER  FOR 
CENTERING  THE   BRASS 
•  ENDS.    REMOVED  AFTER 
FILLER   IS  POURED  AND 
HAS  HARDENED. 


HOLE    FOR 
POURING  FILLER 


77777? 

•/,  MOVABLE 
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Fig.  1.— Diagram  showing  the  arrangement  of  the  specimen  andjthe  apparatus  for 
the  tension  test 
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Fio.  2. — Diagram  showing  the  ratio  of  tensile  to  compressive  strength  of  concrete  and  mortar  specimens  of  various  ages 


bearings,  the  specimen  was  mounted  in  the  machine 
in  such  a  manner  that  there  was  no  twist  or  eccentric 
loading  of  the  specimen  during  the  application  of  the 
load. 


/>' 

-0-" 

j5 

&7*~ 

10  20  30  40  50  60  70  80  30 

DEFORMATIONS   -    M1LL10NTHS   OF  AN   INCH  PER  INCH 
Fig.  3.— Relation  of  load  to  deformation  of  a  1:2  mortar  specimen  tested  in  tension 

The  compression  tests  were  made  with  a  spherical 
bearing  block  and  usually  a  very  thin  cap  of  plaster 
was  applied  to  the  ends  to  insure  flat  bearings. 

A  100,000  pound  Riehle  machine  was  used  for  these 
tests,  the  load  being  applied  slowly  by  hand  at  a  rate 
not  exceeding  10,000  pounds  per  minute.  In  operation, 
the  apparatus  worked  very  satisfactorily. 

The  specimens  were  stored  in  damp  sand  for  about 
two  weeks  and  then  removed  to  a  room  in  the  labora- 
tory. They  were  tested  at  various  ages  up  to  8  or 
9  months. 

The  lack  of  any  attempt  to  control  the  water  ratio 
and  the  comparatively  short  period  of  curing  accounts 
for  the  irregularity  in  the  results  when  compared  with 
the  age  of  the  specimens.  As  it  was  the  intent  primarily 
to  study  the  ratio  of  tension  to  compression  strengths, 
it  was  not  necessary,  in  fact  it  was  probably  better, 
that  there  should  be  a  variety  in  the  specimens  that 
would  correspond  with  variations  that  might  be 
expected  in  most  commercial  work. 

Practically  all  the  concrete  tension  specimens  broke 
within  or  near  the  middle  third  of  the  cylindrical 
portion  of  the  specimen,  whereas  a  greater  number  of 
the  mortar  tension  specimens  broke  near  one  clip  or 


the  other.     In  all  instances,  the  breaks  were  nearly 
planes  perpendicular  to  the  axis  of  the  specimen. 

RESULTS  OF  THE  TESTS 

The  results  obtained  are  detailed  in  Tables  1  and 
2.  Table  1  shows  the  results  for  the  mortar  speci- 
mens, whickwere  mixed  1  part  cement  to  2  parts  sand. 
Table  2  shows  the  results  obtained  with  concrete 
mixed  1  part  cement,  2  parts  sand,  and  3  parts  coarse 
aggregate.  From  the  tables  it  will  be  noted,  first, 
that  the  ratio  of  tensile  to  compressive  strength  is 
practically  the  same  for  the  mortar  specimens  as  for 
the  concrete,  and,  second,  that  for  specimens  up  to  90 
days  old  the  ratio  in  each  case  varies  from  about  15 
per  cent  to  about  8  per  cent,  and  after  this  period,  the 
ratio  becomes  practically  constant  at  8  per  cent.  It 
is  apparent  that  during  the  first  60  to  90  days  the 
increase  in  tensile  strength  Nis  not  as  great  as  the  in- 
crease in  compressive  strength,  but  beyond  this  time 
it  appears  that  both  are  modified  in  practically  the 
same  ratio.  The  relation  of  these  results  is  shown  in 
Figure  2. 

The  agreement  of  the  results  seems  so  persistent, 
over  such  a  wide  variation  in  the  character  of  the 
concrete  that  there  is  considerable  definite  evidence 
as  to  the  ratio  between  the  tensile  strength  and  com- 
pression strength.  Thus,  in  any  given  case  the  com- 
pression strength  being  determined,  the  tensile  strength 
is  made  known  with  sufficient  accuracy  for  most 
purposes. 

During  these  experiments,  a  few  measurements  were 
made  to  determine  the  elastic  curve  of  the  concrete 
in  tension.  It  is,  perhaps,  sufficient  here  to  state  a 
few  of  the  results  obtained. 

Table.  1. — Results  of  compression  and  tensile  strength  tests  of 
cement  mortar,  1:2  mix 

rCross-sectional  area  of  specimens,  16  square  inches  (approximately).    Each  result 
the  average  of  tests  of  3  specimens] 


Age 

Com- 
pressive 
strength 

Tensile 
strength 

Ratio 
tensile 
to  com- 
pressive 
strength 

Age 

Com- 
pressive 
strength 

Tensile 

strength 

Ratio 
tensile 
to  com- 
pressive 
strength 

55  days 

76  days 

85  days 

137  days 

139  days 

141  days. 

151  days. - 

Lbs.  per 
sq.  in. 
2,510 
3,827 
2,640 
4,990 
4,200 
6,230 
7,140 
7,183 
7,577 
7,223 

Lbs.  per 
sq.  in. 
349 
421 
442 
434 
370 
347 
489 
434 
488 
583 

P.c. 

14 
11 
17 
9 
9 
6 
7 
6 
6 
8 

162  days 

167  days 

173  days 

184  days 

191  days 

198  days 

199  days 

212  days 

253  days 

255  days 

Lbs.  per 
sq.  in. 
6,123 
6,750 
7,133 
5,790 
6,340 
5,420 
5,873 
5,613 
6,663 
6,183 

Lbs.  per 
sq.  in. 
399 
431 
466 
525 
630 
494 
496 
541 
547 
505 

P.c. 

7 
6 

9 
10 
9 

8 
10 

S 

8 
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Table   2 


. — Results   of  compression  and   tensile   strength   tests  of 
cement  concrete,  1:2: 3  mix 

[Cross-sectional  area  of  specimens,  16  square  inches  (approximately).    Each  result 
the  average  of  tests  of  3  specimens] 


Age 

Com- 
pressive 
strength 

Tensile 
strength 

Ratio 
tensile 
to  com- 
pressive 
strength 

Lbs.  per 
sq.  in. 
1,297 
2,160 
3,197 
3,043 
3,007 
2,503 
3,353 
4,160 
4,175 
3,310 
3,473 
3,023 

Lbs.  per 

sq.  in. 

P.c. 

33  days 

50  days 

69  days 

83  days... 

90  days 

140  days.. 

140  days 

154  days-. 

159  days. 

165  days 

172  days 

349 
335 
360 
220 
126 
334 
369 
293 
244 
257 
221 

16 
10 

12 
7 
5 

10 

9 

7 
7 
7 
7 

Age 


Com' 
pressive 
strength 


181  days 
185  days 
192  days 
194  days 

196  days 

197  days 
200  days 
215  days 
225  days 
239  days 
243  days 
249  days 


Tensile 
strength 


Lbs.  per 
sq.  in. 
1,847 
4,280 
3,773 
4,667 
2,130 
2,863 
2,503 
4,260 
3,337 
3,647 
2.  797 
3,373 


Ratio 
tensile 
to  com- 
pressive 
strength 


Lbs.  per 
sq.  in. 
155 
326 
301 
307  I 
192  ! 
235  I 
236 
330 
298 
284  ; 

247  i 

248  i 


P.C. 


The  deformations  in  tension  were  observed  by  means 
of  a  mirror  extensometer  attached  in  a  manner  similar 
to  that  described  for  observations  of  compression  cyl- 
inders in  a  paper  by  the  author  to  be  found  in  the 
A.  S.  T.  M.  Proceedings,  volume  24,  1924,  part  2,  page 
1025. 

As  illustrative  of  some  of  the  results  obtained, 
Figure  3  shows  the  deformations  obtained  upon  a  1 :  2 
mortar  specimen,  which  broke  at  340  pounds  per  square 
inch,  and  indicates  a  modulus  of  elasticity  of  4,200,000 
pounds  per  square  inch.  The  values  of  E  for  the  few 
specimens  tested  varied  from  3,300,000  to  over  5,000,- 
000  for  some  specimens. 

It  is  the  expectation  to  carry  on  a  more  extended 
series  of  observations  of  the  modulus  of  elasticity  of 
concrete  in  tension,  particularly  with  Lumnite  cement. 


(Continued  from  page  89) 

accompanies  the  engineer  following  the  chaining  party. 
The  engineer  and  this  assistant  walk  along  opposite 
sides  of  the  pavement  locating  the  cracks  and  sketching 
them  on  specially  prepared  cross-section  paper.  All 
surface  defects,  such  as  pitting,  scaling,  spalling,  hair 


checks,  etc.,  are  noted  on  the  sketch.  About  4  miles 
of  pavement  is  an  average  day's  work  for  this  party. 

A  soil  surveyor  skilled  in  soil  mapping  follows  the 
pavement  party  and  uses  the  painted  stations  to  locate 
the  boundaries  of  the  various  soil  types.  A  strip  of  soil 
200  feet  wide  is  mapped.  After  the  mapping  is  com- 
pleted the  soil  surveyor  returns  over  the  same  route 
and  selects  typical  soil  samples  which  are  sent  to  the 
laboratory  for  routine  tests.  A  sufficient  number  of 
samples  are  tested  to  determine  the  extreme  upper  and 
lower  limits  of  variation  within  the  type. 

Both  the  pavement  condition  and  the  soil  surveys 
are  forwarded  to  the  main  office  immediately  upon 
completion  of  the  field  work  and  the  information  is 
transferred  to  the  original  plan  which  is  on  a  scale  of 
100  feet  to  the  inch.  This  sketch  is  easily  readable 
when  the  work  is  done  by  a  neat  draftsman  and  the 
complete  results  may  then  be  easily  studied  or  com- 
pared. The  type  of  soil,  and  depth  of  the  roadway  in 
the  soil  profile,  the  grades,  cross  section,  surface  and 
subdrainage  are  all  noted  and  may  be  read  at  a  glance. 
Surface  data  sheets  of  the  pavement  survey  are  pre- 
pared in  such  a  way  that  separate  sections  of  road  may 
be  compared  slab  by  slab.  The  surface  data  sheets 
give  the  slab  lengths,  number  and  kind  of  cracks,  the 
pavement  classification  based  upon  the  length  of  the 
unbroken  slab  and  the  area  of  the  pieces  of  broken 
slab,  the  amount  of  scaling,  spalling,  and  hair  checking, 
etc. 

A  study  of  one  phase  of  the  soil  survey — the  subsi- 
dence of  fills  in  peat  marshes — has  been  practically 
completed.  The  fills  were  cross-sectioned  by  borings 
so  as  to  determine  the  actual  shape  of  the  floating  fill. 
The  classification  of  the  peat  strata  was  made  in  ac- 
cordance with  the  system  developed  largely  by  Dr. 
Alfred  P.  Dachnowski,  of  the  Bureau  of  Plant  Industry 
of  the  United  States  Department  of  Agriculture. 
Testing  of  peats  in  accordance  with  the  standard  soil 
methods  is  impossible  since  oxidation  takes  place  unless 
the  sample  is  kept  continually  moist  with  the  result 
that  a  totally  different  class  of  material  remains.  No 
screen  analysis  is  practicable  and  shrinkage  tests  and 
bearing  values  must  be  obtained  from  the  moist  mate- 
rial without  initial  compression. 
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STATIC  AND  IMPACT  STRAINS  IN  CONCRETE 

A  COMPARISON  OF  THE  MODULI  OF  RUPTURE  OF  BEAMS  UNDER  STATIC  AND  IMPACT  LOADS 

Reported  by  J.  T.  THOMPSON,  Highway  Research  Specialist,  Bureau  of  Public  Roads  ' 

rN  THE  summer  of  1923,  the  Bureau  of  Public  Roads    Under   these   conditions,   which  arc 


I  In   ijui.  summer  oi  lyzis,  trie  .Bureau  01  rublic  Koads  Under   these   conditions,   which  are  similar  to   those 

brought  to  completion  a  series  of  impact   tests  on  prevailing-  in  the  slab  impact  tests  of  the  bureau,  in 

a  large  number   of    concrete    slabs.     These   tests,  which  the  weight  was  dropped  only  five  times  from 

which  were  conducted   at   the  Arlington   Experiment  each  height,  the  beams  resisted  without  failure  impact 

Farm,    were   subsequently    reported    in    the    issue    of  forces  considerably  in  excess  of  the  static  loads  which 

Public  Roads  for  April,   1924.2     Among  the  striking  caused  failure.     In  other  words,  they  were  capable  of 

features  of  this  report  were  the  exceptionally  high  unit  greater  elastic  deformation  under  impacts  applied  as 

fiber    tensile     deformations     recorded.     The     average  described  than  under  ordinary  static  load  applications, 

deformation     for     slabs     of     1:1^:3     concrete     was  When,  on  the  other  hand,  the  beams  were  subjected 

0. 000270  inch  per  inch;  and  since  the  average  modulus  to  repeated  applications  of  impact  of  the  same  magni- 

of  elasticity  of  the  concrete  was  4,480,000  pounds  per  tude,    the    greatest    impact    they    would    successfully 

square  inch  the  indicated  unit  fiber  stress  in  tension  at  withstand  was   that   which  produced   a  tensile  stress 


elastic  failure  was  1,210  pounds  per  square  inch.  This 
modulus  of  rupture  was  recognized  as  being  at  least 
twice  as  great  as  the  static  modulus  for  the  same  con- 
crete. 

Apparently  the  discrepancy  thus  indicated  was 
capable  of  but  two  explanations;  either  the  strain 
gages  used  for  measuring  the  unit  deformations  under 
impact  were  inaccurate,  or  the  concrete  subjected  to 
impact  was  actually  strained  to  a  greater  degree 
without  rupture  than  is  possible  under  static  loads. 

In  order  to  throw  some  light,  if  possible,  upon  this 
question  the  Bureau  of  Public  Roads  and  the  Johns 


equal  to  about  55  per  cent  of  the  static  modulus  of 
rupture,  indicating  that  the  behavior  of  the  concrete 
under  impact  is  very  similar  to  its  behavior  under 
static  loads,  as  evidenced  by  static  fatigue  tests. 

Below  the  fatigue  limit  it  has  been  shown  that 
equivalent  loads,  without  regard  to  the  manner  of 
their  application,  whether  static  or  impact,  produce 
the  same  stress;  and  the  indications  are  that  the  cause 
of  the  different  behavior  beyond  that  limit  is  to  be 
found  in  the  duration  of  the  load  application.  This  is 
evidenced  by  the  fact  that  beams  subjected  to  static 
loads   for    10   seconds   at   a    time   showed    the   lowest 


Hopkins  University  entered  into  a  cooperative  research    modulus  of  rupture  and  impacts  of  an  estimated  dura- 


project  the  aims  of  which  were  to  study,  in  general, 
the  action  of  plain  concrete  beams  under  impact  forces 
and  specifically  to  compare  the  static  and  impact 
moduli  of  rupture. 

The  economic  importance  of  answering  this  question 
will  be  apparent   when  out1  considers  that  recent  re- 


tion  of  0.015  second  the  highest  with  an  intermediate 
value  corresponding  to  impacts  of  an  estimated  dura- 
tion of  0.030  second. 

As  an  incidental  result  of  the  tests  it  has  been  shown 
that  the  variation  in  stress  from  the  top  to  the  bottom 
of  a  plain  concrete  beam  may  not  be  represented  by  a 


searches  have  evaluated  the  impact  force  delivered  by  straight  line  but  that  the  error  involved  in  that  assunrp- 

motor  vehicles  to  pavement  slabs  and  shown  it  to  be  tion  is  small  for  ordinary  safe  working  loads.     It  is 

certainly   double,   and   under  some  conditions  several  also  indicated  that  the  impact  force  corresponding  to 

times  the  static  weight   of  the  vehicle.     The  natural  a  given  height  of  fall  is  much  greater  when  the  fall  is 

tendency,   in  view  of   this  information,  is   to  increase  cushioned  by  worn  solid  rubber  tires  than  when   the 

pavement  thickness;  but  if  it  is  true  that  there  coexists  cushioning  medium  is  a  new  tire,  thus  accentuating  the 

with  the  increase  in  force  due  to  dynamic  action  a  need  for  smooth  pavement  surfaces, 
compensating    possibility    of    stressing    the    pavement 
further  without  rupturing  it,  the  increase  in  thickness 
might  be  unnecessary. 


TESTS  SHOW  DURATION  OF  LOAD  TO  BE  THE  CRITICAL  FACTOR 

The  tests  prove  conclusively  that  the  graphic  strain 
gauges  used  are  free  from  inertia  effects  within  the 
range  of  the  use  to  which  they  were  put;  and  the  indi- 
cations are  that  the  deformations  measured  with  similar 
instruments  in  the  slab  impact  tests  of  the  bureau  are 
substantially  correct  as  recorded  by  the  instruments. 

Doubt  of  the  accuracy  of  the  instrument  being  thus 
set  at  rest  the  experiment  shows  further  that  plain 
concrete  beams  subjected  to  static  load  have  a  con- 
siderably lower  modulus  of  rupture  than  exactly 
similar  beams  subjected  to  successive  impacts  of 
increasing  magnitude,  caused  by  dropping  a  weight 
upon  the  beam  from  progressively  increasing  heights, 
when  the  weight  is  dropped  but  once  from  each  height. 

1  Also  associate  professor  of  civil  engineering  at  the  Johns  Hopkins  University. 

2  "Impact  Tests  on  Concrete  Pavement  Slabs,"  Leslie  W.  Teller,  Public  R<>.u>s, 
vol.  5,  No.  2,  April,  1924. 

104871—26 1 


TESTS  LOADS  APPLIED  IN  THREE  WAYS 

Thirty-six  plain  concrete  beams  all  of  the  same  mix, 
with  necessary  control  cylinders,  wrere  used  in  the  tests. 
About  one-third  of  the  number  were  loaded  at  the  third- 
points  of  a  simply  supported  span  by  a  50,000-pound 
Olsen  testing  machine;  with  measurements  of  the  load, 
center  deflection  and  unit  deformations  of  the  concrete. 
These  are  referred  to  as  the  "static  tests,"  although 
it  should  be  borne  in  mind  that  "static"  loads  which 
are  at  their  maximum  intensity  for  a  period  of  several 
seconds  are  in  reality  very  slow  "impact"  loads. 

Another  group  of  the  beams,  one-third  of  the  total 
number,  was  tested  in  impact  by  simply  supporting 
the  beams  on  suitable  rests  and  allowing  a  heavy  ham- 
mer, cushioned  with  full-thickness,  unused,  solid  rub- 
ber tire  segments  3  to  fall  from  various  heights,  apply- 
ing the  the  load  to  the  beams  at  the  third-points.  The 
force  of  the  blow,  the  deflection  of  the  beam  and  the 
unit  deformations  of  the  concrete  were  measured. 


»  The  tire  segments  used  in  the  test. 
Wright  (U.  S.  Tires),  Detroit,  Mich. 


were  generously  supplied  by   Morgan  <t 
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The  remaining  third  were  tested  in  impact  in  exactly 
the  same  manner  as  above  except  that  the  tire  segments 
had  part  of  the  rubber  removed  to  simulate  a  badly 
worn  condition. 

The  reason  for  employing  two  conditions  of  impact — ■ 
namely,  the  thick  and  the  thin  cushions  was  to  intro- 
duce the  time  element — i.  e.,  the  duration  of  the  force— 
the  feeling  being  that  the  modulus  of  rupture,  if  differ- 
ent for  static  and  impact  conditions,  would  be  found 
to  be  a  function  of  the  rapidity  of  application. 


">  in  uj 


were  allowed  to  dry  out  at  room  temperature  for  one 
week  prior  to  test.  The  cylinders  were  shipped  to  the 
Bureau  of  Public  Roads,  where  they  were  cured  in  a 
similar  manner  and  tested  for  crushing  strength  and 
modulus  of  elasticity  on  the  test  dates  of  the  beams. 
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SERIAL  DESIGNATION  OF  CONTROL  CYUNOERS 
(CORRESPONDING  TO  SERIAL  DESIGNATION  OF  BEAMS) 

Fig.  1. — Data  from  Tests  of  Control  Cylinders.  Two 
Cylinders  were  Tested  for  Each  Beam  and  the  Plotted 
Points  Represent  the  Average  Values  for  the  Two 
Cy-linders 

test  beams  and  control  cylinders 

The  preliminary  steps  involved  the  preparation  of 
test  beams  and  control  cylinders,  the  design  and  con- 
struction of  an  impact  testing  machine,  and  the  selec- 
tion and  calibration  of  instruments  of  measurement. 
It  was  thought  at  the  beginning  that  two  beams  a  week 
were  all  that  could  possibly  be  tested  and  therefore  only 
two  a  week  were  cast,  since  it  was  desirable  that  they 
all  be  of  the  same  age  when  tested.  This  meant  a 
lapse  of  18  weeks  between  the  casting  of  the  first  and 
thirty-sixth  beam  in  which  interim  there  would  be 
abundant  opportunity  for  differences  in  proportioning 
as  well  as  in  technique  of  mixing  and  placing  unless 
great  care  were  exercised. 

Accordingly,  enough  -material  was  procured  for  the 
whole  job.  The  sand  and  gravel  were  dried  bone-dry 
and  stored,  and  all  the  cement  was  thoroughly  mixed 
to  eliminate  possible  differences  between  bags.  The 
uniformity  of  the  concrete  was  governed  by  controlling 
the  water-cement  ratio.  In  addition  to  this  everything 
that  went  into  the  mixer  was  weighed  and  the  fineness 
modulus  of  the  aggregate  was  carefully  checked  for 
uniformity.  The  technique  of  mixing,  placing,  and 
curing  was,  as  nearly  as  possible,  identical  in  every  case, 
and  Figure  1  shows  that  a  high  degree  of  uniformity 
in  the  product  was  actually  obtained. 

The  thirty-six  6  by  8  by  44  inch  plain  concrete  beams 
of  a  mix  closely  approximating  1  :  \y2  :3  i  were  cast; 
and  for  each  beam  two  6  by  12  inch  control  cylinders 
were  made,  making  a  total  of  72  cylinders  in  all.  The 
beams  were  cured  under  sand  in  a  damp  room,  and 

*  Acknowledgement  is  made  of  the  valuable  assistance  rendered  by  Malcolm  R 
Ui  pin,  senior  civil  engineering  student  at  the  Johns  Hopkins  University,  who  vol- 
unteered his  services  in  the  preparation  of  these  beams  and  cylinders. 


THE  IMPACT  TESTING  MACHINE 

The  essential  features  sought  in  the  design  of  the 
impact  machine  were:  (1)  A  device  that  would  drop  a 
cushioned  weight  upon  a  simply  supported  beam  from 
a  predetermined  height;  (2)  a  method  of  support  for 
the  beam  that  would  not  restrain  it  and  at  the  same 
time  would  prevent  it  from  moving  about  when  struck; 
and  (3)  a  means  of  supporting  deflection  gauges  that 
would  preclude  their  movement  relative  to  the  beam. 

The  machine  (fig.  2),  which  was  built  in  the  Johns 
Hokpins  University  shop,  consists  of  a  pile-driver-like 
arrangement  equipped  with  a  265-pound  hammer 
which  can  be  dropped  upon  the  beam  from  a  variable 
height  depending  upon  the  setting  of  a  trigger.  The 
hammer  is  cushioned  by  two  segments  of  a  3J^-inch 
solid  rubber  tire  mounted  in  such  a  way  as  to  permit 
them  to  adjust  themselves  should  there  be  a  tendency 
for  one  to  apply  more  load  to  the  beam  than  the  other. 
These  apply  the  load  to  the  beam  at  points  about  14 
inches  apart,  that  is,  at  about  the  third  points,  the  idea 
being  to  bring  about  a  constant  bending  moment,  and 
hence  constant  fiber  stress,  across  the  strain  gauges 
located  in  the  recesses  shown  at  the  center  of  the  beam. 

The  test  beam  is  supported  at  each  end  upon  a  cast- 
iron  block,  the  lower  side  of  which  carries  a  half  round 
running  at  right  angles  to  the  length  of  the  beam. 
This  half  round  fits  into  a  V  notch  in  a  second  cast- 
iron  block,  which  is  securely  fastened  to  a  heavy  steel 
H  beam.  This  "rocker"  support  permits  the  beam  to 
deflect  freely,  while  at  the  same  time  the  angles  shown 
on  each  side  of  the  test  beam  in  the  center-line  cross 
section  (fig.  2)  prevent  it  from  moving  laterally  when 
struck.  No  tendency  for  the  beam  to  move  longi- 
tudinally was  observed.  It  was  at  first  thought  nec- 
essary to  hold  the  test  beam  down  against  rebound  by 
means  of  shackles  such  as  appear  in  the  photograph  on 
the  cover,  but  these  were  found  to  restrain  the  Ibeam 
and  were  therefore  abandoned  immediately  in  favor  of 
the  simpler  and  very  satisfactory  scheme  of  using  the 
angles  mentioned  above. 

The  support  for  the  deflection  gauges  is  arranged  for 
by  inserting  the  8-inch  H  beam  between  the  block  sup- 
ports and  the  foundation.  Since  the  H  beam  is  sup- 
ported upon  knife  rests  directly  under  the  reactions 
applied  to  it  by  the  supports  of  the  test  beam  it  does 
not  deflect.  Only  after  careful  verification  of  this  fact 
by  actual  measurement  was  it  used  as  a  rest  for  the 
deflection  gauges,  however. 

INSTRUMENTS  OF  MEASUREMENT 

In  both  the  static  and  impact  tests  the  deformation 
of  the  concrete  beams  was  measured  by  means  of  12 
graphic  strain  gauges  arranged  in  slots  cast  in  the  con- 
crete, 6  on  each  side,  evenly  spaced  from  top  to  bottom 
of  the  beam.  These  gauges,  developed  in  the  Bureau 
of  Public  Eoads,  are  described  in  detail  elsewhere.5 
They  consist  of  a  metal  bar  about  6  inches  long  and 
three-eights  by  one-quarter  inch  in  cross  section.  At 
one  end  is  an  adjustable  fixed  point,  at  the  other  end  a 

6  "Pocket  Strain  Gauge  Gives  Stresses  in  Concrete  Roads,"  A.  T.  Goldbeck,  Engi- 
neering News-Record,  Mar.  29,  1923. 
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movable  point  which  presses  eccentrically  against  a 
small  shaft.  The  shaft,  thus  made  to  rotate,  carries 
a  4-inch  light  metal  arm  at  the  end  of  which  is  a  small 
stylus  which  records  its  movement  upon  a  small 
smoked-glass  slide. 


In  order  to  settle  this  question  the  following  method 
was  adopted.  A  steel  H  beam  was  placed  in  the  impact- 
testing  machine  and  strain  gauges  were  mounted  on 
both  tension  and  compression  flanges  between  steel 
blocks  securely  fixed  to  the  beam.     The  H  section  was 


ELEVATION 


<t  OF  CROSS-SECTION 


Fig.  2. — Details  of  the  Impact  Testing  Machine  Used  for  Determining  Impact  Stresses  in  Concrete 

As  previously  intimated,  it  had  been  suspected  since  so  chosen  that  the  product  of  its  modulus  of  elasticity 
the  development  of  these  gauges  that  they  were  subject  and  its. moment  of  inertia  was  the  same  as  for  the  con- 
to  inertia  effects  when  used  in  impact — i.e.,  that  they  crete  test  beams.  This  was  done  in  order  that  the 
either  lagged jbehind  the  true  movement  in  tension  or  records  of  the  strain  gauges  might  be  verified  under 
continued  torecord  in  compression  after  the  impulse  conditions  exactly  similar  to  those  to  be  imposed  upon 
had  ceased.  them  in  test. 
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The  H  beam  was  loaded  statically  by  a  screw  jack 
and  the  strain-gauge  records  plotted  against  center 
deflections.  The  same  deflections  were  then  produced 
by  impact  and  a  similar  curve  was  plotted.  The  curves 
ol  Figure  3,  typical  of  several  secured,  show  the  re- 
sults. It  will  be  noted  that  the  impact  and  static 
curves  check  very  closely  within  the  limits  of  deforma- 
tion imposed  upon  them,  which  limits,  incidentally,  are 
about  the  same  as  those  met  with  under  test  conditions. 


£  DEFLECTIONS  -STATIC  AND  IMPACT  -THOUSANDTHS  OF  AN  INCH 

Fig.  3. — Comparison  of  Impact  and  Static  Graphic  Strain 
Gage   Readings   Showing   Absence   of   Inertia    Effect 

This  method  of  checking  the  instrument  depends,  of 
course,  upon  the  premise  that  identical  liber  deforma- 
tions exist  for  a  given  deflection  whether  produced  by 
static  or  impact  force.  This  would  seem  to  be  true 
when  it  is  considered  that  fiber  deformation  depends 
upon  the  radius  of  curvature  of  the  bent  beam.  This 
is  a  well-known  principle  of  mechanics.  Also,  assum- 
ing the  beam  bent  to  the  arc  of  a  circle,  the  measured 
deflection  is  merely  the  middle  ordinate  of  a  fixed 
chord.  For  every  deflection  (middle  ordinate)  there 
must  be  one  and  only  one  radius.  From  this  it  follows 
that  fiber  deformation  varies  directly  with  deflection. 

The  deflections  of  the  beams  in  both  static  and  impact 
tests  were  recorded  by  Ames  dials  reading  direct  to  ten- 
thousandths  of  an  inch. 

In  the  impact  tests  the  force  of  the  blow  was  deter- 
mined by  the  product  of  the  mass  of  the  hammer  and  its 
maximum  deceleration  as  measured  by  a  coil  spring  ac- 
celerometer the  details  of  which  are  shown  in  Figure  4. 
The  general  type  of  this  instrument  is  fairly  com- 
mon. It  consists  of  a  weighted  plunger  mounted 
vertically  in  two  bearings,  so  that  it  is  free  to  move 
downward  against  the  action  of  a  coil  spring.  The 
instrument  was  rigidly  attached  to  the  hammer  of  the 
impact  machine  and  when  the  latter  was  decelerated 
upon  striking  the  beam,  the  plunger  of  the  accelero- 
meter, accelerated  downward  with  respect  to  the  spring 
forced  the  latter  to  compress.     The  amount  of  this 


compression,  which  is  a  measure  of  the  deceleration  of 
the  hammer,  was  recorded  upon  a  smoked-glass  plate 
by  a  stylus  attached  to  the  plunger. 

Although  crude  in  appearance  and  perhaps  in  scien- 
tific principle  this  instrument  functioned  perfectly  for 
about  a  quarter  of  a  million  blows  without  once  even 
so  much  as  getting  out  of  adjustment,  thereby  amply 
justifying  its  use  in  preference  to  more  delicate  types 
which  offered  themselves. 

The  calibration  of  the  accelerometer  was  effected 
through  the  use  of  space-time  curves.  This  method, 
which  has  been  described  elsewhere  in  detail,6  consisted 
of  the  analysis  of  a  curve,  drawn  by  a  stylus  attached 
to  the  falling  hammer,  upon  a  sheet  of  paper  wrapped 
on  a  drum  rapidly  rotating  on  a  vertical  shaft  (see  cover 
illustration).  Concurrently  a  time  curve  was  drawn 
on  the  paper  by  another  stylus  whose  vibrations  were 
governed  by  an  electrically  operated  tuning  fork  of 
known  period.  Decelerations  determined  by  analysis 
of  the  space-time  curve  were  plotted  against  acceler- 
ometer records  and  a  calibration  curve  thus  obtained. 


DESCRIPTION  of  the  tests 


Static  tests. — These   tests   involved   nothing   out   of 
the  ordinary.     A  beam  was  supported,   as  shown  in 
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Fig.  4. — Details  of    Coil   Spring  Accelerometer  Used    in 
the  Tests 

Figure  5,  on  the  same  supports  as  were  subsequently 
used  in  the  impact  tests,  the  load  being  applied  through 
a  spherical  head  resting  on  the  same  tire  segments  as 
later  were  used  in  impact.  The  deflection  gauge  was 
carried  by  a  yoke  suspended  from  an  ordinary  "neutral- 
axis"  bar. 

The  loads  were  applied  at  slow  speed  in  increments  of 
about  300  pounds,  the  load  being  released  after  each 
application  at  which  time  the  strain  gauge  slides  were 

6  "Accurate  Accelerometers  Developed  by  the  Bureau  of  Public  Roads,"  Leslie 
W.  Teller,  Public  Roads,  vol.  5,  No.  10,  December,  1924. 
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moved  up.     The  quantities  recorded  were  loads,  de- 
flections, and  unit  deformations  of  the  concrete. 

Impactltests. — Most  of  the  beams  tested  under  im- 
pact were  hit  but|once  from  each  height  of  drop,  the 
height  increasing  progressively  until  the  beam  failed. 
The  trigger  was  set  so  as  to  bring  about  the  desired 


Fig.  5. — Concrete  Beam  in  Test  Machine  Ready  for 
Static  Test  Showing  Arrangement  of  Deflection  Gage 
and  Graphic  Strain  Gages 

height  of  drop,  the  hammer  raised  by  the  winch  until 
it  was  suspended  from  the  trigger  hooks,  and  then, 
after  all  gauges  had  been  adjusted,  the  hammer  was 
suddenly  dropped  by  pulling  the  releasing  lever.  The 
deflections  were  recorded  by  "choked,"  ten-thou- 
sandths-type Ames  dials,  one  dial  being  always  used 
under  the  center  of  the  beam,  and  frequently  two 
others  being  used  as  near  the  supports  as  possible 
merely  to  detect  any  relative  movement  between  the 
test  beam  and  the  H-beam.  The  strain-gauge  slides 
as  well  as  the  smoked-glass  plate  on  which  the  acceler- 
ometer  recorded  were  removed  at  the  end  of  the  test 
and  read. 

The  effect  of  what  might  be  termed  "impact  fatigue  " 
was  tried  upon  a  few  of  the  beams.  In  these  tests  the 
technique  was  similar  to  that  just  escribed  except 
that  a  great  many  blows  were  struck  from  each  height 
of  drop.  Readings  were  taken  only  when  thought 
necessary,  sometimes  after  a  few  blows,  sometimes  at 
the  end  of  a  series  of  several  thousand. 

The  principal  thing  sought  in  each  case  was  the 
modulus  of  rupture.  In  order  to  establish  it,  the  unit 
deformations,  measured  at  intervals  above  and  below 
the  center  of  the  beam,  were  plotted  to  show  the  varia- 
tion of  strain.  The  fiber  strains  were  then  taken  from 
these  curves  and  plotted  against  load. 

Before  trying  to  ascertain  from  the  strain-load 
curves  where  failure  took  place,  some  definition  of 
failure  was  necessary.      There  seems  to  be  considerable 
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difference  of  opinion  as  to  what  constitutes  failure  in 
a  concrete  beam.  Some  experimenters  do  nol  assume 
a  beam  has  failed  until  it  breaks  in  half  and  falls  iVom 
its  support,  others  not  until  a  visible  crack  has  ap- 
peared, but  the  Bureau  of  Public  Roads  in  practically 
all  of  its  work  has  called  that  point  failure  at  which 
the  curve  of  strain  plotted  against  load  begins  to 
change  direction  rapidly. 

In  the  present  instance,  owing  to  the  fact  that  the 
strain-load  curves  did  not  "break"  sharply,  it  was 
very  difficult  to  determine  the  strain  at  which  this 
change  of  direction  took  place.  Therefore  it  was 
decided  to  adopt  that  point  at  which  the  tangent  to 
the  curve  would  be  a  line  with  a  natural  slope  of 
three-fourths  (0.00015  inch  per  inch -*- 2,000  pounds). 
'Plus  more  or  less  arbitrary  slope  was  chosen  because 
it  seemed  to  correspond  in  the  majority  of  cases  to 
loads  creating  a  rise  in  the  neutral  axis'  of  the  beam 
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Fig.  6. 


LOAD-POUNDS 

-Static  Test  of  Beam  A-4 


and  a  sharper  upward  trend  in  the  deflection-load 
curves.  Figures  6  and  7,  which  arc  typical,  show- 
how  the  modulus  of  rupture  was  obtained;  and  data 
resulting  from  the  static  and  "single-drop"  impact 
tests  are  presented  in  Table  1. 
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HIGH  IMPACT  MODULI  REDUCED  BY  REPETITION  OF  BLOWS 

Where  the  mass  was  dropped  but  once  from  each 
height  it  appears  that  the  average  modulus  of  rupture 
under  impact  using  the  new  cushion  was  35  per  cent 
higher  than  under  static  load,  and  63  per  cent  higher 
when  the  worn  cushion  was  used.     (Figs.  8  and   9.) 

JNIT   DEfORMATION -INCHES  PER  INCH 
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Fig.   7. — Impact  Test  of  Beam  A-ll    with    New 


Cushion 


This  conclusion  is  of  little  practical  value,  however, 
because  of  the  influence  upon  modulus  of  rupture  of 
such  factors  as  duration  of  load  and  fatigue  under 
repetition.  In  other  words,  later  tests  show  that  if 
the  load  application  is  repeated  a  number  of  times  at 


each  successive  height  it  is  possible  to  produce  failure 
at  much  lower  deformations  than  where  the  single- 
drop  method  is  employed. 

The  explanation  of  this  lies  in  the  fact  that  it  takes 
time  for  any  material  to  fail.  When  the  strain  is 
increased  by  increments  a  critical  stage  is  reached 
below  which  any  number  of  repetitions  is  successfully 
resisted  and  above  which  one  application  of  sufficiently 
long  duration  or  a  large  number  of  short  duration  wil1 
cause  failure,  each  application  contributing  toward 
complete  and  final  destruction. 
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A -STATIC  LOAD- DURATION  10  SECONDS 

B-  IMPACT  WITH  NEW  CUSHION  -  DURATION  .03  SECONDS 

C-  IMPACT  WITH  WORN  CUSHION-DURATION   -0I5SECONDS 

ABC 
Fig.  8.— Variation  of  Unit  Fiber  Deformation    for    the 
Three  Conditions  of  Test 

Table  1. — Data  resulting  from  static  and  "single-drop"  impact 

tests 

(Age  of  1 :  V/i :  3  concrete  220  days) 


Type  of  test 

Beam 
No. 

Ultimate 
breaking 
strength 
of  control 
cylinders 

Modulus 
of  elasticity 
of  control 
cylinders 

Fiber  de- 
formation 
correspond- 
ing to  mod- 
ulus of  rup- 
ture in 
single-drop 
tests 

Static... 

1 
2 
3 
4 
5 
32 
33 

Pounds  per 
square  inch 
4,410 
4,430 
4,172 
4,360 
4,330 
4,045 
3,465 

Pounds  per 
square,  inch 
4, 500, 000 
4, 600, 000 
5, 050, 000 
4,  600, 000 
4,  850,000 
4,450,000 
4,400,000 

Inches  per 

inch 

0. 000100 
. 000105 
. 000090 
.000095 
.000095 
. 000082 
. 000082 
000093 

Average.. 

Impact — new  cushion 

7 
8 
9 
10 
11 
26 
27 
28 
29 
30 
31 

4,231 

4,175 
4,017 
4,226 
3,793 
3,864 
3,929 
3,564 
3,677 
3,944 
3,650 

4, 600, 000 
4,550,000 

4,  800, 000 

5,  650, 000 
4, 400. 000 
4,900,000 
4,600,000 
4,200,000 
4,300,000 
4,350,000 
4, 650, 000 

000130 

Average. 

.000125 
. 000162 
.000150 
.000140 
.000100 
.000145 
.000115 
.000130 
.000140 
.000140 
000134 

Impact — worn  cushion. 

13 
14 
16 
17 
19 
20 
21 
22 
23 

4,062 
3,839 
3,304 
4,003 
3,942 
4,110 
4,045 
3,725 
4,062 

4,600,000 
4,  850, 000 
4,350,000 
4, 600, 000 
4,500,000 
4,800.000 
3,  850, 000 
4, 300, 000 
4, 750, 000 

000180 

Average 

.000185 
. 000140 
.000170 
. 000130 
.000170 
.000190 
. 000140 
. 000150 
000162 

July,    192(3 


PUBLIC   ROADS 


99 


Accordingly,  we  should  expect  to  find  the  static  load- 
deformation  curves  swinging  upward  at  a  comparatively 
low  modulus  value  when  we  consider  that  the  time  of 
application  was  about  10  seconds.  The  concrete  was 
given  a  relatively  long  time  in  which  to  accomplish 
partial  failure  under  each  load  beyond  the  critical 
stage  referred  to.  No  doubt  had  some  load  consid- 
erably below  the  modulus  load  been  permitted  to  remain 
on  the  beam  for  a  very  much  longer  time  than  10 
seconds,  the  beam  would  have  failed  and  we  would  have 
had  a  much  lower  value  of  the  modulus  of  rupture.  Or 
again  had  the  static  loads  above  the  critical  stage  been 
repeated  a  great  number  of  times  the  beam  would  ha\  e 
failed  with  accompanying  Low  modulus. 
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Fig.   9. — Diagram    Showing    Strain    Distribution  for  the 
Three  Conditions  of  Test  at  Modulus  Loads 

By  the  same  argument  the  impact  deformation- 
load  curves  should  begin  to  change  direction  at  a 
relatively  high  modulus  value  because  the  time  of 
application  in  this  case  was  only  a  few  hundredths  of  a 
second  and  the  concrete  was  given  but  little  opportunity 
to  fail  under  any  blow.  However  beyond  the  critical 
stage  had  any  application  been  repeated  a  great  many 
times  we  ought  to  find  the  beam  failing  under  these 
repetitions,  and  this  is  exactly  what  takes  place  in  the 
impact-fatigue  tests. 

The  composite  strain-load  curves  (fig.  10)  demon- 
strate this  partial  failure  very  well,  although  it  should 
be  noted  that  since  they  were  obtained  by  averaging  a 
great  many  results  they  are  not  particularly  accurate, 
especially  at  the  high  values.  The  curves  for  the 
three  conditions  run  along  at  about  the  same  general 


slope  (a  given  load  causing  the  same  strain  regardless 
of  how  it  is  applied)  until  a  value  of  strain  (0.00005 
inch  per  inch)  is  reached,  beyond  which  the  impact 
fatigue  tests  tell  us  we  may  expect  things  to  happen. 
After  this  there  is  a  rapid  departure  of  the  static  curve 
from  the  other  two  due  to  the  appreciably  longer  dura- 
tion of  the  static  loads.  The  "new  cushion"  curve, 
owing  to  its  faster  action  (duration  about  0.03  seconds) 
continues  at  the  original  slope  for  a  while  and  then 
begins  to  swing  upward  while  the  "worn  cushion" 
curve  holds  to  the  original  slope  longest  because  it  is 
the  fastest  acting  (about  0.015  seconds). 
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l0a0 -thousand  pounds 

Fig.  10. — Composite  Load-Deformation  Curves  Developed 
from  All  Tests 

It  is  felt  that  the  foregoing  dicussion  explains  why 
such  high  moduli  of  rupture  were  encountered  in  the 
impact  tests  of  slabs  referred  to  at  the  beginning  of 
t  his  report. 
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Fig.  11. — Impact  Fatigue  Test  of  Beam  A-36.  The  Age 
at  the  Beginning  of  the  Test  was  277  Days;  at  the 
End,  307  Days 

impact  fatigue  tests 

Toward  the  last  of  the  series  four  beams  were  tested 
in  impact  fatigue,  the  rate  of  loading  being  approxi- 
mately 60  blows  per  minute.  Tests  were  carried  on 
about  three  hours  each  day  thereby  allowing  a  21-hour 
rest  period  between  loadings.  Tins  method  was  em- 
ployed in  an  attempt  to  show  the  effect  of  repetition  of 
stress. 

The  results  are  shown  by  the  curve  (fig.  11)  which  is 
typical  of  all  four  impact  fatigue  tests  in  its  essential 
features.  It  shows  very  clearly  that  for  drops  of 
one-quarter  inch,  producing  a  strain  of  0.00005  inch 
per  inch  (corresponding  unit  fiber  stress  about  250 
pounds  per  square  inch)  the  beam  can  be  subjected  to 
a  very  large  number  of  impacts  without  deleterious 
effects.     As  soon  as  this  height  is  increased  to  three- 
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eights  inch,  producing  a  strain  of  0.00008  inch  per 
inch  slowly  progressing  disintegration  sets  in  resulting 
in  final  failure. 

Since  the  number  of  impacts  successfully  withstood 
at  a  strain  of  0.00005  inch  per  inch,  in  this  instance 
83,000,  is  considered  to  be  conservatively  representative 
of  any  condition  under  which  road  slabs  are  used,  the 
conclusion  is  reached  that  this  is  the  upper  limit  of 
safe  values  to  which  concrete  of  this  mix  and  age 
should  be  subjected. 

It  is  interesting  to  note,  in  this  connection,  that  the 
American  Society  for  Municipal  Improvements  in  a 
recently  issued  report  of  its  committee  on  "Proposed 
Specifications  for  Portland  Cement  Concrete  Pave- 
ments" recommends  an  allowable  working  stress 
of  250  pounds  per  square  inch  for  1:2:4  concrete. 
1 1  also  recommends  that  "in  hot  weather,  the  pavement 
shall  be  closed  to  traffic  for  at  least  fourteen  (14)  days, 
*  *  *."  As  has  been  pointed  out,  these  tests  show 
that  where  the  pavement  is  to  be  subjected  to  impact 


strain  no  very  considerable  error  is  made  in  the  common 
assumption  that  they  are  not  distorted. 

The  well-known  increase  in  impact  force  produced 
by  worn  as  against  new  tires  is  clearly  demonstrated 
in  the  curves.  (Fig.  12.)  This  shows  the  great  dis- 
advantage of  using  worn  tires  or,  since  the  use  of  worn 
t  ires  can  hardly  be  controlled,  the  necessity  of  smoother 
pavements.  The  ratio  of  force  produced  by  the  worn 
tire  to  that  caused  by  the  new  tire  is  about  2.5  through- 
out the  range  of  comparison. 
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;.   12. — Curves  Showing   Effect  of  Tire  Wear  on  Impact 
Force 


fatigue,  250  pounds  per  square  inch  is  the  ultimate 
safe  value  for  1:1^:3  concrete,  laboratory  mixed 
and  carefully  cured  for  300  days.  Considering  that 
concrete  trebles  its  flexural  tensile  strength  between  14 
and  300  days,7  it  is  interesting  to  speculate  upon  what 
might  happen  to  concrete  pavements  built  according 
to  this  specification. 

It  should  be  especially  noted  that  the  fatigue  limit 
referred  to  above  (strain  0.00005  inch  per  inch)  is  54 
per  cent  of  the  modulus  of  rupture,  obtained  statically 
(strain  0.000093  inch  per  inch).  It  may  therefore  be 
concluded  that  under  impact  loading  the  same  fatigue- 
limit  ratio  is  obtained  as  has  been  shown  to  exist  under 
static  load  conditions  by  the  latest  fatigue  tests.8 

An  inspection  of  the  strain-distribution  diagrams 
(figs.  G  and  7)  reveals  very  clearly  the  distortion  of 
planes    under  bending.     However,   for  low   values   of 

'  "  Fatigue  of  Concrete,"  II.  F.  Clemmer,  Proc.  A.  S.  T.  M.t  vol.  22,  Part  II,  1922, 
p.  -II .r>. 

'"Fatigue  of  Concrete,"  W.  K.  Hatt,  Proc.  Fourth  Annual  Meeting,  Highway 
Re  earch  Hoard,  National  Research  Council,  December  1924,  Professor  Hatt  deter- 
mined the  limit  to  which  concrete  might  be  stressed  an  indefinite  number  of  times  as 
55  per  cent  of  the  stress  at  which  it  failed  under  progressive  static  loading. 


TRANSPORTATION     SURVEYS    BEGUN    IN    NEW 
HAMPSHIRE  AND  VERMONT 

Highway  trans p or tation  surveys  covering  the  en- 
tire States  of  New  Hampshire  and  Vermont  were  begun 
on  July  16  under  cooperative  agreements  between  the 
Bureau  of  Public  Roads  and  the  two  State  highway 
departments. 

As  planned,  the  surveys  are  to  run  for  three  months, 
with  13  recording  parties  taking  data  twice  during  the 
period  at  each  ol  143  stations  in  New  Hampshire  and 
12  parties  recording  the  traffic  at  130  stations  in 
Vermont. 

In  general  the  same  methods  will  be  used  as  in  the 
Connecticut  and  Cook  County  surveys,  reports  of 
which  have  been  published,  and  the  Pennsylvania  and 
Ohio  surveys  which  are  now  being  analyzed.  For 
passenger  vehicles  the  data  will  show  the  number  of 
vehicles  passing  the  station  during  each  hour,  the 
State  in  which  they  are  licensed,  the  number  of  pas- 
sengers they  carry,  whether  the  purpose  of  travel  is 
business  or  pleasure,  whether  passengers  are  from 
city  or  farm,  whether  the  travel  is  an  extended  tour 
or  a  short  trip,  the  origin,  destination,  length  of  trip, 
and  the  number  of  miles  of  travel  within  the  State. 

For  trucks  the  data  will  show  also  the  number  pass- 
ing each  hour,  the  State  of  registration,  capacity, 
origin,  and  destination,  with  information  as  to  the 
character  of  operation  of  the  consignor  and  con- 
signee, the  total  distance  of  travel  and  mileage  within 
the  State,  the  commodity  transported,  the  type  of 
trucking  (for  hire,  contract  hauling,  etc.),  and  the  situs 
of  ownership.  In  addition  to  this  information  there  will 
be  recorded  at  special  weight  stations  the  make  of 
truck,  type  of  tires,  and  weights  on  front  and  rear  axles. 

Analysis  of  this  information  will  make  it  possible  to 
prepare  maps  showing  the  present  volume  and  dis- 
tribution of  passenger  vehicle  and  truck  traffic  on  the 
highways  of  each  of  the  States,  from  which  the  State 
highways  will  be  classified  as  industrial,  high,  medium, 
or  low  type  routes,  taking  into  account  motor-truck 
capacities  and  loads.  A  forecast  of  traffic  for  several 
years  ahead  will  be  made  and  a  definite  program  of 
highway  construction  worked  out.  Special  attention 
is  to  be  given  to  an  analysis  of  the  relative  traffic  im- 
portance of  the  township  roads  with  respect  to  the 
primary  and  secondary  systems. 

Economic  data  to  be  collected  will  include  informa- 
tion concerning  the  tonnage  shipped  by  motor  truck, 
marketing  methods,  zones  of  truck  operation,  and 
general  trucking  practice. 


EFFECT  OF  SIZE  OF  BRICK  ON  RATTLER  LOSS1 

Reported  by  F.  H.  JACKSON,  Engineer  of  Tests,  United  States  Bureau  of  Public  Roads 


IT  HAS  long  been  recognized  that  for  brick  of 
equal  quality  but  differing  in  size  the  comparative 
rattler  losses  arc  not  directly  proportional  to  the 
differences  in  weight.  Therefore,  any  system  of 
rating  based  on  the  percentage  of  loss  by  weight, 
irrespective  of  the  difference  in  size,  is  incorrect  unless 
a  correction  is  introduced  covering  this  feature  or 
unless  independent  standards  are  set  up  for  each  size 
separately. 

In  the  very  elaborate  scries  of  tests  presented  by 
Blair  and  Orton  before  the  American  Society  for 
Testing  materials  in  191 1,2  upon  which  our  present 
standard  method  of  test  is  largely  based,  no  mention 
is  made  of  the  effect  of  size  on  rattler  loss.  This  was 
probably  due  to  the  fact  that  at  that  time  the  bulk  of 
the  paving  brick  manufactured  were  of  the  so-called 
"standard  block"  size — that  is,  about  3  to  33^  inches 
in  width,  4  inches  in  depth,  and  8  to  9  inches  in  length. 
Professor  Talbot,  however,  in  his  paper  on  "Qualities 
of  High  Grade  Paving  Brick,"  published  in  Bulletin  9 
of  the  Illinois  State  Geological  Survey,3  states  that, 
although  he  has  not  studied  the  effect  of  the  size  of 
brick  on  the  rattler  loss,  "it  is  established  that  the 
brick  size  will  sustain  a  greater  loss  than  the  block 
size  of  the  same  grade  and  quality.  *  *  *  The 
amount  of  this  difference  depends  upon  various  condi- 
tions, but  with  good  material  the  brick  sizes  may  be 
expected  to  lose,  say,  3  per  cent  more  than  the  block 
sizes. " 

It  has  only  been  within  comparatively  recent  years 
that  the  thinner  brick,  such  as  those  made  to  lay  to  a 
depth  of  3  inches  and  2l/2  inches,  have  come  into  general 
use.  Efforts  have  also  been  made  from  time  to  time 
to  introduce  certain  odd  sizes,  such  as  the  3  by  33^  by 
SJ/2  inch,  and  others  in  which  the  length  varied  slightly. 
The  number  of  sizes  of  brick  in  use,  however,  has  been 
greatly  curtailed  within  the  last  three  years  through 
the  efforts  of  the  permanent  committee  on  Simplifica- 
tion of  Variety  and  Standards  of  Paving  Brick  of  the 
Department  of  Commerce.  At  the  present  time  this 
committee  recognizes  two  sizes  of  brick,  as  follows:  3^ 
by  4  by  8]/2  inches  and  3  by  4  by  8y2  inches.  In 
addition  to  "these  two  sizes,  the  2%  by  4  by  8^  mcn 
size  is  coming  into  rather  general  use,  so  that  it  will  in 
all  probability  in  the  near  future  be  included  in  the 
series  of  recognized  sizes. 

Recognizing  the  injustice  of  specifying  the  same 
percentage  of  wear  for  both  3-inch  and  33^-inch 
brick,  many  paving  engineers,  when  they  began  using 
the  thinner  brick  for  construction,  adopted  the  practice 
of  inserting  certain  arbitrary  correction  factors  in 
their  specifications  so  as  to  bring  these  sizes  into  line 
with  the  requirements  for  the  so-called  "standard 
block"  size.  So  far  as  the  writer  is  aware,  however, 
none  of  these  correction  factors  was  based  upon  exten- 
sive test  data.  As  a  rule,  they  were  the  result  of 
theoretical  consideration. 

1  A  paper  presented  by  the  writer  at  the  annual  meeting  of  the  American  .Society 
for  Testing  Materials,  June  22  to  25,  1926,  Atlantic  City,  N.  .1. 

2"A  Study  of  the  Rattler  Test  for  Paving  Brick,"  M.  W.  Blair  and  Edward 
Orton,  jr.,  Proc.  A.  S.  T.  M.,  Vol.  XI,  1911,  p.  776. 

s  Illinois  State  Geological  Survey  Hul.  9,  "  Paving  Uriel;  and  Paving  Brick  Clays 
of  Illinois." 


In  view  of  the  fact  that  committee  C  :;  of  the  Ameri- 
can Society  for  Testing  Materials  has  undertaken  to 
retirrange  the  standard  specifications  and  methods  of 
test  for  paving  brick,  C  7-15,  in  order  to  bring  it  into 
conformity  with  the  society's  present  standards  as  to 
form,  it  seemed  an  excellent  opportunity  to  investigate 
this  relationship  experimentally  with  a  view  to  furnish- 
ing a  table  of  correction  factors  which  might  be  inserted 
in  t  he  standard. 

TESTS  MADE  ON   FIVE  SIZES  OF  BRICK 

Fortunately,  a  rather  unusual  opportunity  existed 
for  obtaining  such  data.  The  Bureau  of  Public  Roads 
has  had  under  way  for  the  last  several  months  an  in- 
vestigation to  determine  the  relation  between  the  depth 
of  the  paving  brick  wearing  course  and  the  resistance  of 
the  pavement  to  the  action  of  traffic.  This  investi- 
gation is  being  conducted  by  the  bureau  in  cooperation 
with  the  National  Paving  Brick  Manufacturers  Asso- 
ciation, which  furnished  a  large  quantity  of  brick  for 
t  his  purpose.  These  brick  were  all  from  the  same  plant 
and  were  manufactured  as  a  special  lot  so  as  to  be  as 
nearly  uniform  in  quality  as  possible.  They  were  of 
the  plain  wire-cut  type,  and  the  average  rattler  loss  on 
the  33^  by  4  by  S}4  inch  was  about  17  per  cent.  Five 
sizes  of  brick  were  furnished,  all  of  the  same  width  and 
length  but  varying  in  depth  from  2  to  4  inches  by  3^-inch 
steps. 

It  was  decided,  therefore,  in  addition  to  the  major 
investigation,  the  results  of  which  will  be  reported  later, 
to  make  an  incidental  study  of  the  effect  of  size  on 
rattler  loss,  using  the  five  sizes  of  brick  on  hand.  For 
this  purpose  10  standard  rattler  tests  were  made  on 
each  size  of  brick,  making  50  tests  in  all.  Every  pre- 
caution was  taken  to  keep  the  standard  rattler  cali- 
brated, and  every  detail  as  called  for  in  standard  pro- 
cedure was  followed.  The  results  for  the  first  series  of 
rattler  tests  are  given  in  Table  1.  Upon  studying  the 
results  it  became  immediately  apparent  that  there  was 
no  constant  relation  between  the  average  percentage  of 
loss  and  the  size  of  the  brick.  This  at  once  suggested 
the  possibility  that  the  various  sizes  of  brick  might  not 
all  be  of  the  same  quality.  In  order  to  throw  light 
upon  this  important  point,  a  number  of  brick  of  each 
size  were  subjected  to  a  special  hardness  test,  using 
the  Dorry  hardness  machine  for  testing  rock.  One-inch 
cores  were  drilled  with  a  diamond  drill  from  the  center 
of  each  brick,  and  subjected  to  the  abrasive  action  of 
quartz  sand  fed  upon  a  revolving  steel  disk  upon  which 
the  brick  core  was  held  under  a  standard  pressure.  The 
loss  in  weight  of  the  specimen  at  2,500  revolutions  of 
the  disk  was  considered  to  be  a  true  measure  of  its 
hardness. 

Realizing  that  hardness  is  not  the  only  quality  of  a 
paving  brick  which  affects  the  rattler  loss,  tests  for 
crushing  strength  and  transverse  strength  were  also 
made.  The  results  of  these  tests,  together  with  the  re- 
sults of  the  hardness  tests,  are  plotted  in  Figure  1. 
Crushing  strengths  were  determined  on  half  brick,  tested 
on  edge,  live  tests  of  each  size  being  made.  The  brick 
were  bedded  in  plaster  of  Paris  before  testing.      Tests 
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for  transverse  strength  were  made  in  two  ways,  (1) 
by  using  a  special  form  of  equalizer  apparatus  developed 
al  the  Bureau  of  Standards,  and  (2),  by  the  use  of  the 
A.  S.  T.  M.  standard  apparatus  somewhat  modified 
by  the  Bureau  of  Public  Roads.  Details  of  the  results 
of  the  transverse  lots,  discussed  from  the  standpoint 
of  comparative  methods  of  testing,  will  be  published 
elsewhere.  For  the  purpose  of  this  discussion,  the 
results  of  the  tests  by  both  methods  were  averaged. 
Each  average  is  the  result  of  40  tests. 
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Fig.    1. — Results    of    Hardness    Test,    Transverse    Test, 
and    Compression    Test    on    Bricks    Varying    in    Depth 
prom  2  to  4  Inches 

Table  I.— Rattler  test  results  on  brick  used  to  determine  effect  of 

size 


Percentage  of  loss  in  weight 

Sample  No. 

Thickness  of  brick  (inches) 

2 

2H 

3 

3H 

4 

1. 

Per  cent 
22.6 
22.0 
23.1 
21.9 
22.8 
22.8 
22.7 
22.9 
24.7 
23.3 

Per  cent 
17.9 
21.4 
18.3 
18.3 
19.1 
19.3 
19.0 
17.6 
19.2 
17.9 

Per  cent 
18.6 
18.3 
19.7 
19.7 
18.7 
19.7 
18.6 
19.3 
19.1 
18.2 

Per  cent 
17.4 
16.8 
16.8 
16.5 
16.2 
17.0 
17.2 
17.0 
18.0 
17.4 

Per  cent 
17.3 
16.5 
16.4 
16.3 
17.0 
17.1 
16.3 
17.2 
17.4 
16.6 

2 

3 

4 

5 _ 

6 

7... 

8 

9 

10 

Average 

22.9 

18.8 

19.0 

17.0 

16.8 

Maximum.,... 

24.7 
21.9 

21.4 
17.6 

19.7 
18.2 

18.0 
16.2 

17.4 
16.3 

Minimum 

A  very  brief  study  of  these  tests  is  in  order  with  a 
view  to  determining  what  differences  in  quality  exist 
between  the  various  sizes.  It  will  be  seen  at  once  that 
the  tests  are  not  altogether  consistent.  For  instance, 
the  4-inch  size  has  a  considerably  higher  crushing 
strength  than  any  of  the  other  sizes.  This  difference, 
however,  is  not  reflected  in  any  of  the  other  tests, 
which  is,  of  course,  not  surprising  when  we  consider 
that  each  of  these  tests  measures  a  specific  property  of 
the  brick.  When  taken  as  a  whole,  however,  'the 
results  give  a  general  idea  of  the  relative  quality  of 


the  five  sizes  under  consideration  which,  in  this  case, 
is  what  we  are  after.  Assuming  for  the  moment  that 
the  resistance  of  brick  in  the  rattler  is  influenced  by 
both  hardness  and  toughness  and  that  these  qualities 
are  measured  individually  probably  better  by  the 
hardness  test  and  the  transverse  test  than  by  any  of  the 
others,  it  is  found  that  from  the  standpoint  of  hardness 
the  2-inch  brick  are  considerably  softer  than  any  of 
the  other  sizes;  the  3-inch  are  next;  and  the  21^-inch 
are  the  hardest.  In  transverse  strength  the  2^-inch 
size  ranks  highest;  the  33^-inch  next;  with  the  2-inch, 
3-inch  and  4-inch  practically  identical.  Taking  both 
tests  into  consideration,  the  brick  may  be  tentatively 
rated  relatively  as  to  quality  about  as  follows :  2^-inch, 
33^-inch,  4-inch,  3-inch,  2-inch.  It  should  be  borne 
in  mind,  of  course,  that  these  differences  are  not  large 
numerically,  and  are  of  significance  only  because  of 
the  special  use  to  which  the  rattler  tests  will  now 
be  put. 

EFFECT  OF  SIZE  ON  RATTLER  LOSS 

In  Figure  2  are  plotted  the  average  losses  in  pounds 
for  each  size  of  brick  against  the  initial  weight  of  the 
brick  charge.  There  are  also  plotted  two  series  of 
points,  one  above  and  the  other  below  the  actual  losses, 
which  show  what  the  losses  would  have  been  if  they 
had  been  (1)  directly  proportional  to  the  number  of 
linear  inches  of  edge  exposed  to  wear,  and  (2)  directly 
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Fig.  2. — Diagram  Showing  Actual  Loss  and  the  Average 
Actual  Loss  of  Various  Sizes  of  Brick  in  the  Rattler 
Test.  There  is  Also  Shown  What  the  Losses  Would 
Have  Been  Had  the  Loss  Been  Proportional  to  the 
Linear  Inches  of  Edge  Exposed  to  Wear  and  to  the 
Weight  of  Bricks 

proportional  to  weight  (or  volume).  It  will  be  seen 
that  the  actual  curve  is  somewhat  below  a  line  bisecting 
the  angle  formed  by  the  two  theoretical  curves,  which 
indicates  that  the  correction  to  be  applied  to  the  small 
sizes  is  somewhat  smaller  than  has  been  commonly 
used  on  the  assumption  that  the  loss  takes  place 
principally  on  the  edges  and  corners  of  the  brick. 
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Returning  now  to  a  discussion  of  the  actual  losses, 
il  is  found  that  the  plotted  points  do  not  lie  on  a  straight 
line  as  they  would  were  the  brick  all  of  the  same  quality 
and  the  differences  in  loss  due  entirely  to  the  effect  of 
size.  Plotting  the  average  line,  it  is  found  that  the 
losses  for  (ho  2J/£-inch  and  3J/£-inch  sizes  lie  below  the 
line,  whereas  those  for  the  2-inch  and  3-inch  sizes  lie 
above  the  line.  This  grouping  is  exactly  what  would 
be  expected  as  a  result  of  our  study  of  the  relative 
quality  of  the  five  sizes  based  on  the  hardness  and 
transverse  tests,  and  indicates  that  these  tests  are  a 
reliable  measure,  of  those  properties  of  the  paving  brick 
which  are  affected  by  the  rattler  test. 
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Fig.  3. — Diagram  Showing  Percentages  to  be  Added  to 
or  Subtracted  from  Observed  Rattler  Test  Loss  to 
Give  Results  in  Terms  of  "Standard"   10-Pound  Brick 

One  would  seem  justified,  therefore,  in  drawing 
the  average  line  as  indicated  on  the  chart,  and 
recomputing  the  various  percentages  of  loss  from  the 
corrected  losses  obtained  therefrom.  This  gives  a 
series  of  values  the  same  as  would  have  been  obtained 
experimentally  had  all  the  brick  been  of  the  same 
quality.  Using  these  values,  a  correction  curve  has 
been  plotted  as  shown  in  Figure  3.  By  means  of 
the  chart  it  is  possible  to  determine  what  percentage 
shall  be  added  to  or  subtracted  from  the  observed 
rattler  loss  to  give  the  equivalent  value  in  terms  of  a 
"standard"  10-pound  brick.  The  corrections,  it  will 
be  observed,  are  based  entirely  on  weight  and  not  on 
nominal  size.  Although  it  might  be  more  convenient 
to  use  the  latter  method,  it  would  seem  unwise  to  do 
so  because  of  the  wide  variations  in  actual  size  of  brick 
of  the  same  nominal  size.  For  instance,  among  eight 
brands  tested  by  the  bureau  in  connection  with  this 
work,  it  was  found  that  for  the  23^-inch  size  the  actual 
weights  of  10  brick  varied  from  64  to  75  pounds, 
whereas  for  the  3-inch  size  the  corresponding  variation 
was  from  82  to  89  pounds.  These  differences,  of 
course,  are  accounted  for  in  part  by  differences  in 
specific  gravity  of  the  material.  In  general,  however, 
the  differences  in  size  appear  to  be  more  pronounced,  as 
will  be  observed  by  noting  Figure  4,  in  which  are 


plotted  the  average  weights  and  corresponding  volumes 
for  each  of  the  brands  and  sizes  of  brick  tested. 

It  will  be  observed  that  the  points  lie  fairly  well  on 
a  straight  line,  those  above  the  line  indicating  the 
lighter  brick,  whereas  those  below  the  line  indicate  the 
heavier  brick.  Of  course,  a  correction  based  on  the 
volume  of  brick  would  be  the  most  rational  method 
because  it  would  eliminate  variations  in  the  volume- 
weight  relations  owing  to  differences  in  specific  gravity. 
However,  the  weight  determination  is  much  simpler 
and  more  readily  made,  and  it  would  not  appear  that 
the  small  changes  in  specific  gravity  which  normally 
occur  in  well-burned  paving  brick  would  seriously 
affect  the  accuracy  of  the  corrections. 

SUPPLEMENTARY  CHECK  TESTS 

In  order  to  determine  to  what  exent  the  proposed 
correction  curve  could  be  applied  in  actual  work,  a 
series  of  check  tests  was  run  on  a  number  of  different 
brands  of  paving  brick  submitted  by  the  manufac- 
turers at  the  request  of  the  National  Paving  Brick 
Manufacturers  Association.  Each  brand  was  rep- 
resented by  at  least  two  sizes,  and  in  some  cases  by 
three  sizes.  Control  tests  for  hardness  and  for  modulus 
of  rupture  were  likewise  run,  in  order  to  check  the 
quality  of  the  brick  by  tests  independent  of  the  size 
factor.  Unfortunately,  the  number  of  brick  available 
for  these  supplementary  tests  was  so  limited  that  it  was 
found  impossible  to  obtain  a  sufficient  number  of  tests 
for  hardness  and  modulus  of  rupture  to  obtain  rep- 
resentative averages. 

(0       1600 


1400 
1200 
1000 


\ 

^^ 

^ 

On'1^ 

€ 

S* 

<f 

0  20  40  60  80  100  120 

INITIAL  WEIGHT  OF  10  BRICK    -POUNDS 

+  NOMINAL    SIZE"  2"X4"X  Zi" 

O  NOMINAL  SIZE-  2j"x4"x  Bi 

•  NOMINAL  SIZE-  3".X4"X  85" 

X  NOMINAL  SIZE- 3s"x4°X  8i" 

o  nominal  size-4'  x4°x  85" 

Fig.  4. — Diagram  Showing  Variation  in  Weight  and  Vol- 
ume of  Groups  of  Ten  Brick  of  Various  Sizes  and 
Brands  Prepared  for  the  Rattler  Test 

The  results  of  the  rattler  tests  on  six  lots  of  brick, 
representing  four  brands  of  wire-cut-lug,  shale  brick 
and  two  brands  of  plain,  wire-cut,  fire-clay  brick  are 
shown  in  Table  2,  together  with  their  initial  volumes 
and  weights  and  the  corrected  percentage  of  loss  de- 
rived from  the  use  of  the  correction  curve  shown  in 
Figure  3.  Each  value  for  per  cent  of  wear  represents 
the  average  of  three  tests.    It  will  be  observed  that  in 

(Continued  on  page  107) 


A  DEVICE  FOR  MEASURING  PRESSURE  USED  IN  MOLD- 
ING CEMENT  MORTAR  BRIQUETTES 

Reported  by  F.  H.  JACKSON,  Engineer  of  Tests,  and  D.  O.  WOOLF,  Junior  Materials  Engineer,  U.  S.  Bureau  of  Public  Roads 

rT,HE  pressure  exerted  by  the  operator  in  molding    a  pressure  of  15  pounds  applied  to  the  surface  of  the 


the  standard  1 :3  cement  mortar  briquette  prob 
ably  has  as  great  an  influence  on  the  tensile 
strength  as  any  other  single  factor.  Notwithstanding 
this  fact,  the  present  standard  methods  of  testing 
Portland  cement  do  not  provide  for  the  application 
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briquette  was  suggested.  This  value  was  taken  by  the 
committee  from  the  recently  proposed  master  specifica- 
tion for  Portland  cement  of  the  United  States  Govern- 
ment and  was  probably  suggested  originally  by  the 
United  States  Bureau  of  Standards.  Practically  the 
of  any  definite  pressure,  the  matter  being  governed  same  pressure,  modified  so  as  to  call  for  a  minimum 
by  general  reference  only.  This  naturally  has  resulted  of  15  pounds  and  a  maximum  of  20  pounds,  is  provided 
in  considerable  variation  in  the  technique  employed  for  in  the  new  tentative  specification  for  Portland 
by  different  operators  and  probably  has  accounted  in    cement  of  the  American  Society  for  Testing  Materials, 

adopted  provisionally  at  the  June,  1926,  meeting. 
This  specification,  if  adopted  by  letter  ballot  of  the 
society,  as  it  probably  will  be,  will  automatically 
become  the  new  American  Society  for  Testing  Ma- 
terials standard  some  time  before  the  close  of  the 
present  calendar  year. 

In  the  new  specification,  the  requirements  for  tensile 
strength  of  briquettes  have  been  raised  from  200 
pounds  per  square  inch  to  225  pounds  per  square  inch 
at  7  days  and  from  300  pounds  per  square  inch  to  325 
pounds  per  square  inch  at  28  days.  This  increase  in 
the  strength  makes  it  all  the  more  important  that  the 
technique  of  testing,  in  so  far  as  those  factors  which 
influence  the  strength  are  concerned,  be  very  rigidly 
controlled.  The  new  values  represent  more  nearly  the 
true  tensile  strength  of  many  normal  Portland  cements 
than  the  old,  so  that  incorrect  methods  of  testing,  which 
tend  to  give  low  results,  will  undoubtedly  cause  more 
rejections.  Then  too,  it  is  well  recognized  that  many 
operators,  especially  those  of  long  experience,  have 
become  accustomed  to  using  a  pressure  considerably 
greater  than  that  provided  for  in  the  new  specification. 
Under  the  proposed  specification,  these  operators  will 
be  required  to  use  a  pressure  of  from  15  to  20  pounds, 
which  will  undoubtedly  result  in  lower  strengths  being 
reported,  still  further  reducing  the  factor  of  safety. 

PRESSURE  MEASURING  INSTRUMENT  DESIGNED 

Anticipating  the  need  of  a  simple  yet  fairly  accurate 
device  for  measuring  the  pressure  exerted  in  molding 
briquettes,  the  Bureau  of  Public  Roads  has  designed  an 
instrument  for  this  purpose.1  The  instrument  consists 
essentially  of  a  platform  to  support  the  briquette  mold, 
resting  upon  a  multiple  lever  system  which  operates 
against  a  small  coil  spring.  Two  contact  points  are  so 
arranged  on  the  lever  arm  that  the  degree  of  compres- 
sion of  the  spring  is  indicated  by  the  closing  of  one  or 
part,  at  least,  for  the  wide  divergence  in  strength  tests  Dotb  of  two  lamp  circuits.  The  initial  compression  of 
Frequently  reported  when  identical  samples  are  tested  tne  spring  may  be  varied  so  that  pressures  of  from  about 
in  different  laboratories.  10  to  40  pounds  may  be  registered. 

Recognizing  the  desirability  of  controlling  this  as  .A  detailed  drawing  of  the  instrument  is  shown  in 
well  as  many  other  details  of  procedure  subject  to  Figure  1,  reference  to  the  various  parts  being  indicated 
personal  interpretation,  the  American  Society  for  by  letter.  In  this  drawing,  A  represents  a  three-gang 
Testing  Materials  prepared  and  published  a  year  ago    briquette  mold  resting  upon  a  glass  plate,  B,  which  in 


Fig.     1. — Detailed 


Drawing     of    Pressure 
Apparatus 


Registering 


ii  'Manual  of  Cement  Testing,"  in  which  the  various 
methods  of  testing  were  described  in  much  greater 
detail  than  in  the  specification  proper.  In  that  por- 
tion of  (lie  manual  referring  to  the  molding  of  briquettes, 
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turn  rests  upon  the  platform   of  the  instrument,  D. 
The  pressure  exerted  is  transmitted  through  the  knife 

i  The  original  design  (if  this  apparatus  was  prepared  by  E.  B.  Smith,  formerly 
engineer  of  tests,  Bureau  ol  Public  Roads. 
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edges  and  hardened  bearings,  F,  mounted  on  the  trans-    Table  L- 

mitting  levers,  67,  which  have  steel  ribbon  supports,  H, 

and  steel  knife  edge  points  7,  resting  upon  the  operating 

lever,  J.     This  lever  has  a  steel  ribbon  support,  A,  at 

one  end,  and  at  the  other  end,  a  fiber  insert,  L,  carrying 

three  screws,   the  center  one  connected  by  wire  to  a 

standard  electrical  connection,  M,  of  dry  battery,  the 

other  wire  being  grounded   to   the   case.     When   the 

minimum  allowable  pressure  has  been  applied,  one  of 

the  remaining  screws  makes  contact  with  a  spring,  N, 

mounted  on  a  fiber  block,  0,  lighting  a  white  electric 

lamp,  P.     When  the  maximum  allowable  pressure  has 

been  reached,  the  other  screw  comes  in  contact  with  a 

similar   spring,    Q,   lighting    a   red    electric   lamp,    R. 

Both  lamps  may  be  observed  by  the  operator  through 

the  holes  in  the  cover,  S.    A  coiled  spring,  T,  adjusted 

by  the  screw,  V,  returns  the  operating  lever  to  its  initial 

position  when  the  pressure  is  released. 

The  instrument  is  calibrated  by  placing  a  static  load, 
including  the  weight  of  the  briquette  mold,  etc.,  upon 
the  platform,  equivalent  to  the  minimum  pressure  it  is 
desired  to  register.  The  adjusting  screw  over  the  spring 
connected  to  the  white  lamp  is  then  turned  until  con- 
tact is  just  made.  An  additional  load,  making  the  total 
equivalent  to  the  maximum  allowed,  is  then  placed 
upon  the  platform  and  the  screw  over  the  spring  con- 
nected with  the  red  lamp  is  similarly  adjusted. 

This  device  has  been  in  operation  in  the  laboratories 
of  the  Bureau  of  Public  Roads  for  several  months  and 
has  proved  very  satisfactory.  It  should  be  possible  to 
regulate  the  applied  pressure,  by  means  of  this  device 
to  any  specified  value  plus  or  minus  two  or  three 
pounds.  In  other  words,  such  tests  as  the  bureau  has 
made  would  indicate  that,  by  the  use  of  the  instru- 
ment, it  is  possible  to  mold  briquettes  conforming  to 
the  new  standard  specification  in  which  the  minimum 
pressure  is  specified  at  15  pounds  and  the  maximum 
pressure  at  20  pounds. 

EFFECT  OF  VARYING   PRESSURE  ON  THE  STRENGTH  OF 
BRIQUETTES 

To  determine  the  variation  in  strength  resulting  from 
molding  briquettes  at  different   applied    pressures,   a 

series  of  tests  was  recently  conducted,  using  several 
different  pressures.  Two  series  of  test  specimens  were 
made,  with  molding  pressures  and  number  of  applica- 
tions to  each  briquette  face  as  follows: 


-Effect    of   pressure   and   number   of  applications   on 
average  tensih  strength  of  cement 


Number 
of  thumb- 

ings  per 

briquette 

face 

Tensile  strength— pounds  per 
square  inch 

Applied  pressure,  pounds 

Cement  A 

<  'ement 
B 

7  days 

28  days 

7  days 

15-20, 

12 
12 
12 
12 

18 
18 
18 
18 

245 
250 
260 
260 

260 
260 
265 
270 

365 
370 
370 
370 

370 
370 
390 

385 

280 

285 
290 
290 

285 
300 

20-25 

25-30 

30-45... 

15-20 

20-25...     .. 

25-30... 

30-35 

Considering  the  several  lots  of  12  specimens  each,  it 
will  be  observed  that  the  average  tensile  strength 
increases  in  general  with  increase  in  the  applied  pres- 
sure and  with  the  number  of  applications  of  pressure. 
This  would,  of  course,  be  expected.  It  should  be  noted, 
however,  that  the  increase  in  strength  is  not  quite  so 
large  as  has  commonly  been  supposed.  For  instance, 
tests  at  7  days,  using  12  applications  with  a  15  to  20 
pound  pressure,  gave  in  the  case  of  the  first  cement 
an  average  of  245  pounds  per  square  inch,  whereas  a 


Pressure,  pounds 

Number 
of  appli- 
cations 

1  rer 
briquette 

face 

Pressure,  pounds 

Number 
of  appli- 
cations 

per 

briquette 

face 

15-20-- 

12 
12 
12 
12 

15-20 

18 

20-25 

18 

25-30 

25-30 

18 

30-35. . 

30-35..         

18 

Tests  were  made  at  the  age  of  7  and  28  days.  The 
two  series  were  then  repeated  with  a  second  brand  of 
cement  and  tests  made  at  the  age  of  7  days.  Each 
average  is  the  result  of  12  breaks.  The  average  results 
of  these  tests  are  shown  in  Table  1. 


Fig.  2. — Molding    Briquettes,  Using    the    Apparatus  for 
Control  of  Pressure 

pressure  of  30  to  35  pounds  gave  an  average  of  260 
pounds  per  square  inch,  or  an  increase  of  15  pounds. 
The  corresponding  variation  in  strength  at  28  days 
was  only  5  pounds,  the  15  to  20  pound  pressure  giving 
an  average  of  365  pounds  and  the  30  to  35  pound 
pressure  an  average  of  370  pounds.  Likewise,  increas- 
ing the  number  of  applications  of  pressure  from  12  to 
18  gave  an  increase  m  strength  of  approximately  10 
pounds  per  square  inch  for  both  periods.  Similar 
variations  may  be  noted  in  the  case  of  the  second 
cement.  In  general  it  was  found  that  increasing  the 
pressure  from  about  15  to  30  pounds  resulted  in  an 
increase   of  strength   of  from    10   to    15   pounds,    the 
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greater  divergence  being  at  7  days,  whereas  an  increase 
in  the  number  of  tluimbings  for  each  briquette  face 
from  12  to  18,  resulted  in  an  average  increase  of 
strength  of  about  the  same  amount. 

In  Table  2  are  shown  the  mean  as  well  as  the  maxi- 
mum deviations  of  individual  breaks  from  the  average 
of  12.  It  will  be  noted  that  in  so  far  as  concordance  of 
results  is  concerned,  there  is  little  to  choose  between 
the  various  pressures  tried.  The  same  comment 
applies  to  the  tests  made  with  12  applications  of  pres- 
sure as  compared  with  those  made  with  18  applica- 
tions. It  will  be  noted  that  in  many  cases  the  maxi- 
mum deviation  from  the  average  exceeded  the  15  per 
cent  allowed  by  the  specification  in  routine  testing. 

Detailed  working  drawings  of  the  instrument  de- 
scribed in  this  paper  have  been  prepared  and  will  be 
furnished  upon  request. 


Table  2. — Deviation  of  individual  test  results  from  the  average 

values 


Deviation  from  average  tensile  strength 


Number 

Applied 

of  thumb- 

pressure, 

mgs  per 

pounds 

briquette 

face 

16-20 

12 

20-25 

12 

25-30 

12 

30-35 

12 

15-20 

18 

20-25 

18 

25-30 

18 

30-35 

18 

Cement  A 


days 


Mean 


I'll  C<  til 
6.8 
4.7 
5.2 
5.4 

4.5 
4.8 
5.8 
5.1 


Maxi- 
mum 


Per  cent 
14.3 
10.0 
15.4 
0.0 

13.5 
15.4 
13.2 
14.8 


28  days 


Mean 


Per  cent 
8.7 
5.4 
6.0 
6.0 

5.9 
4.0 
4.4 
6.2 


Maxi- 
mum 


Per  cent 
16.4 
17.8 
14.9 
16.2 

13.5 
13.5 
11.5 
19.5 


Cement  B 


7  days 


Mean 


Per  cent 
4.4 
4.8 
7.1 
4.5 

5.5 
3.9 
4.4 
3.8 


Maxi- 
mum 


Per  cent 
8.9 
12.3 
12.1 


14.0 
6.7 
6.9 
8.3 


THE  STRENGTH  OF  MORTAR  AND  CONCRETE  AS 
INFLUENCED  BY  THE  GRADING  OF  THE  SAND 

Reported  by  J.  G.  ROSE,  Materials  Engineer,  United  States  Bureau  of  Public  Roads 


IN  CONNECTION  with  the  testing  of  materials  for 
Federal-aid  highway  projects  in  Colorado  a  study 
has  been  made  of  the  relation  between  the  grading 
of  sand  for  use  hi  concrete  and  the  strength  developed  in 
mortar  and  concrete;  and  the  study  has  led  to  the 
development  of  a  graph  which  may  be  used  as  the 
basis  for  a  preliminary  judgment  of  the  quality  of 
sands  proposed  for  use. 

The  samples  of  sand  and  gravel,  or  crushed  rock, 
upon  which  the  study  was  based  were  contributed  by 
the  State  highway  department  of  Colorado  as  mate- 
rials to  be  tested  for  use  on  Federal-aid  projects. 
Approximately  200  samples  of  sand  and  gravel  arc 
represented  by  the  study.  The  source  of  the  materials 
was  widespread,  almost  every  county  in  the  State 
having  contributed  one  or  more  samples. 

The  testing  work  was  done  by  the  Pierce  Testing 
Laboratory,  of  Denver,  and  standard  methods  of  test- 
ing concrete  materials  approved  by  the  American 
Society  for  Testing  Materials  were  followed  in  making 
all  tests.  Standard  briquettes  of  1:3  mortar  were 
used  for  the  tensile  tests,  and  6  by  12  inch  cylinders  of 
1:2:4  mix  were  used  for  the  compression-test  speci- 
mens. The  consistency  of  the  concrete  was  such  as  to 
show  a  slump  of  from  1  to  2  inches  as  determined  by 
the  standard  slump-cone  method.  All  observations 
are  based  upon  the  28-day  strength  of  the  specimens, 
both  in  tension  and  in  compression. 

While  assembling  the  test  data  for  the  study  it  was 
observed  that  the  strength  of  the  6  by  12  inch  cyl- 
inders varied  from  about  1,500  pounds  per  square  inch 
to  a  little  over  3,500  pounds  per  square  inch.  In  order 
to  observe  the  variation  in  grading  between  the  high 
and  low  strengths,  the  test  reports  were  divided"  into 
four  groups,  each  group  having  a  range  in  strength  of 
500  pounds;  and  after  computing  the  average  grading 
of  the  maximum  strength  group  (3,000  to  3,500  pounds 
per  square  inch)  and  plotting  this  average  grading  upon 
the  graph,  it  was  observed  that  part  of  the  reports  in 
the  remaining  three  groups  fell  above  the  maximum 


strength 


curve,  and  part  fell  below  it.  The  three 
groups  were,  therefore,  divided  again  into  two  groups 
each,  depending  on  whether  the  grading  of  the  samples 
fell  above  or  below  the  maximum  strength  curve. 
Samples  falling  partly  above  and  partly  below  the 
maximum  strength  curve  were  listed  in  both  groups; 
and  the  average  gradings  for  the  six  groups  thus 
obtained  were  then  computed  and  plotted  on  the  graph. 
The  groups  thus  established,  according  to  grading, 
were  then  averaged  for  tensile  strength. 

WHAT  THE  GRAPH  SHOWS 

The  curves  derived  for  tho  above  averages  as  shown 
in  Figure  1,  lead  to  the  following  conclusions: 

1.  That  there  is  an  ideal  grading  of  sands  which  will 
produce  maximum  strength  in  concrete. 

2.  That  the  ideal  grading  curve  assumes  an  arched 
form  showing  a  predominance  of  the  material  retained 
upon  the  coarser  sieves. 

3.  That  for  a  given  mix,  there  is  a  practical  limit  to 
the  quantity  of  material  passing  each  size  sieve,  where 
a  given  strength  of  concrete  is  required. 

4.  That  an  exceptionally  high  tensile  strength  of 
sand  in  1:3  mortar  is  not  necessarily  associated  with 
a  high' compression  strength  of  the  same  material  when 
mixed  with  the  average  coarse  aggregate  in  concrete, 
hence  the  tensile  strength  is  not  a  proper  gauge  of  the 
quality  of  a  sand  for  concrete. 

Justification  of  the  relation  between  the  grading  and 
strength  of  sands  as  shown  by  the  curves  is  dependent 
upon  a  combination  of  coordination  of  several  well 
known  factors  or  theories  of  concrete.  The  maximum 
strength  curve  is,  doubtless,  associated  with  maximum 
density,  or  minimum  voids,  in  the  combined  aggregates. 
The  decline  in  strength  as  the  grading  becomes  finer 
is  associated  with  increased  surface  area,  and  a  corre- 
sponding increase  of  voids.  As  the  grading  of  the 
sands  becomes  coarser  than  that  shown  by  the  maxi- 
mum strength  curve,  the  probability  of  increased 
strength  indicated  by  the  surface-area  theory  is  over- 
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come  by  a  tendency  of  the  coarser  grains  of  sand  to 
wedge  themselves  in  between  the  coarse  aggregate,  thus 
increasing  the  voids  to  such  an  extent  that  a  deficiency 
of  mortar  is  produced.  Hence,  a  decline  in  compres- 
sion strength  is  recorded  with  the  increase  in  coarse- 
ness of  the  sand.  This,  at  least,  is  one  explanation 
which  comes  to  mind.  Probably  there  are  others. 
The  relation  of  the  grading  curves  to  the  tensile 
strength  developed  in  1 :  3  mortar  bears  out  the  sur- 
face-area theory;  that  is,  that  the  finer  the  sand  the 

PER  CENT  PASSING  THE  SEVERAL  SIEVES 


107 


THE  CURVES  SHOW  THE  RELATION  BETWEEN 
STRENGTH  AND  6RA0IN&  OF  200  SAMPLES 
OF  COLORADO  SANDS  AND  GRAVELS  TESTEO 
IN  TENSION  AND  COMPRESSION  IN  13  MORTAO 
AND   I  2    4  CONCRETE. 

T"  TENSILE  STRENGTH  OF  THE  SAND.  IN  PER 
CENT.  COMPARED  WITH  STANDARD  OTTOWA  SAND. 
C- COMPRESSION   STRENGTH  IN  POUNDS  OF 
THE  COMBINED  SANO  ANO  GRAVEL  IN  A  12  4 
MIX  OF  CONCRETE. 


Fig.  1. — Sand  Analysis  Chart 

greater  will  be  the  surface  area  to  be  covered  by  a  unit 
volume  of  cement,  hence,  the  weaker  the  bond. 


UTILITY  OF  THE  GRAPH 

By  plotting  the  sieve  analysis  of  a  sand  upon  the 
graph,  a  ready  means  of  visualizing  the  quality  of  the 
material  for  concrete  is  produced.  The  area  between 
the  upper  and  lower  curves  on  the  graph  forms  a  prac- 
tical safey  zone  for  the  grading  of  acceptable  sands.  If 
the  plotted  grading  of  a  sand  falls  outside  of  this  area, 
in  whole  or  in  part,  there  is  but  little  chance  that  it 
will  pass  standard  specification  requirements  without 
increasing  the  proportion  of  cement. 

In  making  a  materials  survey  for  a  project,  selec- 
tion of  the  best  source  of  supply  will  be  greatly  facili- 
tated by  a  comparison  of  the  mechanical  analyses  of 
the  samples  when  plotted  on  the  graph.  As  a  pre- 
caution in  making  selection  of  a  sand,  it  should  be 
realized  that  several  other  factors  in  addition  to  the 
grading  affect  the  strength  of  sands.  Variation  in 
structure  and  soundness,  and  the  presence  of  organic 
matter,  silt,  clay,  acids,  alkali,  and  other  foreign  sub- 
stances all  have  their  influence  on  the  strength  of  the 
sand  in  concrete.  Hence,  a  considerable  variation  in 
strength  from  the  average  strength  curve  for  each 
group  shown  on  the  graph  should  be  expected.  Elim- 
inating these  factors  the  range  of  grading  for  any  given 
strength  and  mix  should  be  small.  Final  selection,  of 
course,  should  always  be  determined  by  a  more  com- 
plete laboratory  test.  But  once  a  complete  labora- 
tory determination  for  the  quality  of  a  sand  has  been 
made,  and  the  mechanical  analysis  plotted,  any  change 
in  quality  due  to  variation  in  grading  is  easily  detected 
by  a  screen  analysis  made  in  the  field  during  the  progress 
of  construction  and  plotted  on  the  graph. 


(Continued  from  page  103) 
Table  2. — Check  tests  of  paving  brick 


Lot  No. 

Nominal 
size 

Volume 
of  10 
brick 

Weight 
of  10 
brick 

Halllcr 
loss 

Corrected 
loss 

Total  variations 
within  lots 

Before 
correction 

After 
correction 

Inches 
{           I 

{   r 

1     ? 

1      » 
/      m 

\            2V2 

\         2H 

Cubic 
inches 
1,009 

720 
1,219 
1,113 
1,128 
1,028 

838 
1,266 

974 

762 
1,141 

831 
1,156 

811 

Pounds 
87 
63 
98 
89 
97 
87 
75 
109 
83 
64 
94 
65 
94 
64 

Per  cent 
24.2 
28.1 
19.9 
21.3 
16.1 
16.7 
17.8 
17.0 
17.9 
18.3 
17.1 
21.0 
19.7 
23.2 

Per  cent 
23.3 
24.8 
19.8 
20.6 
15.9 
15.8 
15.9 
17.5 
16.7 
15.2 
16.8 
18.0 
19.3 
20.1 

Per  cent 

Per  cent 

1 __  .. 

3.9 

1.  5 

2 

1.4 

3 

1.7                   .1 

4 

1.3 

2.3 

5 

3.9 

1.  2 

6 

3.5 

.8 

all  cases  but  one  the  differences  in  percentage  between 
the  corrected  losses  for  the  different  sizes  in  any  given 
lot  are  considerably  less  that  the  corresponding  differ- 
ences before  correction.  In  only  one  case,  however, 
that  of  lot  3,  have  these  differences  entirely  disappeared, 
indicating  that  a  certain  amount  of  the  original  varia- 
tion was  due  to  differences  in  the  quality  of  the  brick. 
This  is  not  surprising  when  it  is  remembered  that  no 
special  effort  in  any  case  was  made  to  obtain  brick  of 
exactly  the  same  quality.     In  one  case,  that  of  lot  4, 


the  results  of  the  individual  rattler  tests  were  very 
erratic,  indicating  an  extremely  nonuniform  produci, 
which  may  account  for  the  wide  variations  of  the  re- 
sults obtained  on  this  lot. 

It  is  felt  that  the  correction  curve  obtained  as  a 
result  of  this  series  of  tests  is  sufficiently  accurate  for 
all  practical  purposes;  and  the  writer  has  recommended 
that  a  table  of  correction  factors  based  thereon  be 
considered  for  use  in  connection  with  any  revision  of 
the  present  standard  rattler  test  for  paving  brick. 
The  following  addition  to  paragraph  13  of  the  standard 
specifications  for  paving  brick  has  been  suggested: 

The  result  obtained  in  the  original  calculation  shall  be  cor- 
rected by  adding  to  or  subtracting  from  it  a  factor  depending 
upon  the  initial  weight  of  the  brick  charge  in  pounds.  This 
factor  shall  be  obtained  from  the  following  table: 


Correct  ion 

Correction 

to  be  ap- 

to be  ap- 

Original 

plied  to 

Original 

plied  to 

weight  of 

percentage 

weight  of 

percentage 

10  brick 

of  wear 

10  brick 

of  wear 

obtained 

obtained 

by  test 

by  test 

Pounds 

Per  cent 

Pounds 

Per  cent 

105  to  115 

0.5+ 

75  to  79 

2.0- 

95  to  104 

.0 

70  to  74 

2.5- 

90to   94 

.  5- 

65  to  69 

3.0- 

85  to    89 

1.0- 

60  to  64 

3.5- 

80  to    84 

1.5- 

55  to  59 

4.0- 

The  final  corrected  value,  together  with  the  observed  value 
and  the  correction  factor,  shall  be  report  c  I. 


MORE  ACCURATE  TESTS  OF  REINFORCING  BARS 


Reported  by  D.  O.  WOOLF,  Junior  Materials  Engineer,  U.  S.  Bureau  of  Public  Roads 


IN  TESTING  steel  reinforcement  bars,  it  has  been 
the  custom  in  many  laboratories  to  assume  that  the 
cross-sectional  area  of  the  bar  is  that  given  in  the 
manufacturer's  tables.  It  has  been  found  that,  in  the 
case  of  the  deformed  liar,  the  nominal  area  seldom 
agrees  with  the  actual  area,  and  that  occasionally  the 
difference  is  so  great  that  serious  errors  may  result 
from  the  assumption  of  equality.  To  insure  more 
accurate  tests  of  the  physical  properties  of  steel,  the 
physical  laboratory  of  the  Bureau  of  Public  Roads  has 
adopted  the  practice  of  making  planimeter  measure- 
ment of  the  cross-sectional  area  of  all  concrete  reinforce- 
ment bars  submitted  for  test.  The  higher  allowable 
unit  stresses  used  in  designing  at  the  present  time 
together  with  a  desire  for  more  rigid  laboratory  control 
have  demanded  that  this  greater  care  be  used  in  de- 
termining the  bar  cross  section. 

The  method  used  in  the  determination  of  the  actual 
area  is  simple.  The  test  specimen  is  cut  through  at 
right  angles  to  its  axis,  and  the  cut  surface  is  filed 
smooth.  An  impression  of  this  surface  is  made  by  the 
use  of  carbon  paper  or  stamp  pad,  and  the  area  of  the 
print  is  determined  by  polar  planimeter  measurement. 
In  the  case  of  bars  of  very  irregular  shape,  several 
different  sections  are  measured. 

The  standard  specifications  for  billet-steel  concrete 
reinforcement  bars  (serial  A15-14)  of  the  American 
Society  for  Testing  Materials  permit  the  testing  of  bars 
turned  down  to  a  uniform  cross  section.  This  method 
of  testing  deformed  bars  has  the  objectionable  feature  of 
requiring  the  use  of  a  lathe  which  may  not  be  available 
at  the  laboratory.  By  the  use  of  the  planimeter  (lie 
cross-sectional  area  may  be  determined  so  accurately 
that  the  turning  down  to  uniform  diameter  will  not  be 
necessary. 
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Table  1  shows  certain  data  from  some  of  the  more 
recent  tests  made  by  the  bureau.  The  unit  tensile 
strength  has  been  computed  using  both  the  nominal 
and  actual  cross-sectional  areas.  In  several  cases, 
had  the  nominal  area  been  used  the  bar  would  have  been 
classed  as  other  than  its  true  grade  of  steel.  For  ex- 
ample, samples  6  to  8,  inclusive,  were  submitted  as 
3^-inch  round  bars.  Measurement  of  the.  cross- 
sectional  area  gave  0.25  square  inch  in  each  case, 
and  computation  of  the  test  values  gave  unit  tensile 
strengths  corresponding  to  the  structural  grade 
Using  the  nominal  area  of  a  3^-mch  round  bar,  unit 
tensile  strengths  in  the  intermediate  grade  were  ob- 
tained. As  the  specifications  for  this  project  required 
the  structural  grade,  the  steel  would  have  been  rejected 
had  the  nominal  area  been  used. 

Table  1. — Comparison    of   actual    and    nominal    cross-sectional 
areas  of  bars  and  unit  strengths  based  on  each 


Area  of  cross 

Unit  tensile 

section 

strength 

Sam- 
ple 

Size  anil  shape  of 

Break- 

Error in  nomi- 

deformed bar 

ing 

nal  unit  tensile 

No. 

Nomi- 
nal 

Actual 

load 

Nomi- 
nal 

Actual 

strength 

Lbs.  per 

Lbs.  per 

Lbs.  per 

Sq.  ins. 

Sq.  ins. 

Pounds 

sq.  in. 

sq.  in. 

sq.  in. 

Per  cent 

1 

14-inch  square.  __ 

0.  25 

0.20 

12, 140 

48,  560 

60,  7(10 

12, 140 

20.0 

2 

%-inch  round. __ 

.  11 

.16 

10, 090 

99,  910 

68,  690 

31,  220 

45.4 

3 

M-inch  round... 

.20 

.25 

15,  320 

76,  600 

61,280 

15, 320 

25.0 

4 

}4-inch  square, . . 

.25 

.23 

14,590 

58,  360 

63,  430 

5,  070 

8.0 

5 

34-inch  round... 

.44 

.41 

24,  740 

56,  230 

60,  340 

4,110 

6.8 

6 

1 2-inch  round 

.20 

.25 

15,  620 

78,  100 

62,  480 

15,620 

25.0 

7 

1  ■j-ineh  round. . . 

.20 

.25 

15,  650 

78,  250 

62,  600 

15,650 

25.  0 

8 

1  ;-inch  round 

.20 

.25 

15,  560 

77,  800 

62,  240 

15,560 

25.  0 

9 

M-ineh  round- . 

.44 

.43 

36,  260 

82,  410 

84,  330 

1,920 

2.3 

in 

L-inch  square 

1.00 

.»« 

61.820 

61. 890 

6->,  080 

1,260 

2.0 
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Federal  Building,  Troy,  N.  Y. 
DISTRICT     No.     10,     Delaware,     Maryland,     North     Carolina.     Ohio 
Pennsylvania,  Virginia,  and  West  Virginia.  ' 

Willard  Building,  Washington,  D.  C. 
DISTRICT  No.  12,  Idaho  and  Utah. 

Fred  J.  Kiesel  Building,  Ogden,  Utah. 
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THE  CONNECTICUT  TRANSPORTATION  SURVEY 

DIGEST  OF  THE  REPORT  OF  A  SURVEY  OF  TRANSPORTATION  ON  THE  STATE  HIGHWAY  SYSTEM 

OF  CONNECTICUT » 


CONNECTICUT  was  one  of  the  first  States  to  adopt 
the  principle  of  State  aid  in  highway  construction. 
Its  highway  department  was  created  in  1895  for 
the  purpose  of  administering  the  State-aid  appropria- 
tions. It  was  also  one  of  the  first  to  establish  a  definite 
system  of  connected  trunk-line  highways  for  construc- 
tion and  maintenance  under  the  complete  control  of  the 
State  agency.  This  was  in  1913  and  with  subsequent- 
additions  the  system  in  1923  embraced  1,566  miles, 
of  which  1,114  miles  were  improved.  By  successive 
amendments  of  the  law  the  State  department  has 
also  exercised  an  increasing  degree  of  control  over  the 
State-aid  roads,  and  at  present  there  is  little  to  distin- 
guish the  State-aid  roads  from  the  trunk-line  highways 
with  respect  to  the  State's  participation  in  their  im- 
provement except  that  a  portion  of  the  cost  of  construct- 
ing the  former  is  paid  by  local  government  units. 

By  1923,  when  this  study  was  made,  the  length  of 
improved  roads  in  the  State  highway  system  had  grown 
to  1,780  miles  and  the  amount  of  improvement  better 
than  macadam  had  increased  to  more  than  480  miles. 
This  improvement  had  been  made  with  always  inade- 
quate revenues  in  the  face  of  a  constantly  increasing 
traffic;  the  motor  vehicle  registration  having  increased 
from  23,200  in  I'll 3  to  218,489  in  1924,  an  increase  of 
842  per  cent.  Its  experience  in  this  respect  lias  been 
much  the  same  as  that  of  other  States;  but,  because 
of  its  small  area  and  its  location  hetween  New  York, 
Massachusetts,  and  Rhode  Island,  it  has  had  to  pro- 
vide, on  its  main  roads,  highway  service  for  a  large 
traffic  from  adjacent  States. 

Although  the  State  has  been  considered  among  the 
leaders  in  highway  progress  it  was  found  that  it  was  by 
no  means  keeping  pace  with  the  increase  in  traffic  due 
principally  to  financial  limitations.  Old  roads  have 
been  widened  and  strengthened,  maintained  to  the 
limit  of  their  serviceable  life,  and  replaced  as  rapidly 
as  possible  with  more  adequate  surfaces.  In  many 
cases  the  effort  to  prolong  the  life  of  the  older  roads 
beyond  their  economic  life  has  resulted  in  heavy  ex- 
pense, yet  limited  funds  permitted  no  other  course. 
The  same  limitation  is  responsible  for  the  fact  that  there 
remain  on  some  of  the  most  important  roads  sections 
of  considerable  length  in  the  aggregate  which  are 
entirely  inadequate  for  the  present  traffic. 

Prior  to  1923  it  became  evident  that  a  large  mileage 
of  old  road  must  be  reconstructed,  much  of  it  involving 
widening  of  the  road  surface  and  improvement  of  the 
alignment  which  was  designed  to  meet  the  needs  of 
traffic  of  an  earlier  period.  In  addition  to  this  a  con- 
siderable mileage  of  new  improvement  was  already 
needed  and  it  was  realized  that  still  more  would  be 
needed  to  accommodate  the  rapidly  increasing  traffic. 
It  was  for  the  purpose  of  ascertaining  the  facts  neces- 


'  The  complete  report  of  the  survey  undertaken  jointly  by  the  Bureau  of  Public 
Roads  and  the  Connecticut  State  Highway  Department  has  recently  been  issued. 
Copies  may  be  obtained  from  the  Bureau  of  Public  Roads  upon  request  as  long  as 
the  free  supply  lasts  or  they  maybe  purchased  fromthe  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  1).  C.,  at  30  cents  per  copy. 
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sary  as  a  basis  for  the  framing  of  a  program  to  meet 
these  needs  that  the  Connecticut  highway  transporta- 
tion survey  was  undertaken  jointly  by  the  Bureau  of 
Public  Roads  and  the  State  highway  department. 

PURPOSE  AND  METHODS  OF  THE  SURVEY 

The  general  purpose  of  the  survey  was  to  obtain  the 
traffic  information  necessary  for  the  establishment  of  a 
definite  plan  of  highway  improvement  based  on  the 
present  and  expected  future  traffic. 

A  classification  of  all  highways  on  the  basis  of  their 
relative  traffic  importance  was  ielt  to  be  the  first  need. 
Such  a  classification  is  required  to  determine  the  order 
in  which  the  highways  should  be  improved  and  the  dis- 
tribution of  construction  and  maintenance  funds  over 
the  highway  system. 

The  selection  of  the  most  economical  type  for  each 
highway  is  the  next  step.  Such  a  selection  must  be 
based  not  only  upon  the  present  and  expected  future 
traffic  density  but  also  upon  the  type  of  the  traffic  units. 
The  more  important  considerations  are:  (1)  The  pres- 
ent and  estimated  future  density  of  traffic;  (2)  the  ratio 
of  the  number  of  trucks  to  the  number  of  all  vehicles; 
(3)  the  relative  number  of  trucks  of  large,  medium, 
and  small  capacities;  and  (4)  the  maximum  wheel  loads 
and  the  frequency  of  heavy  gross  loads  and  wheel  loads. 

The  final  selection  of  the  type  of  surface  depends  also 
upon  physical  considerations  such  as  topography, 
drainage,  soil  and  subgrade  conditions,  availability  and 
cost  of  materials,  as  well  as  upon  traffic  considerations. 

In  addition  to  these  purposes  it  was  also  planned  to 
determine  the  place  of  highway  transportation  in  the 
transportation  system  as  a  whole,  and  to  establish  the 
principles  which  should  form  the  basis  for  the  coordina- 
tion of  highway  transportation  with  other  forms  in 
order  to  develop  as  a  whole  the  most  efficient  transpor- 
tation system. 

The  survey  was  begun  in  September,  1922,  and  con- 
tinued for  one  year,  during  which  time  traffic  data  were 
recorded  at  the  57  survey  stations  shown  in  Figure  1. 
These  stations,  carefully  located  and  designated  before 
the  beginning  of  the  survey,  were  operated  on  an  aver- 
age of  once  a  month  by  "recording"  parties  which 
recorded  all  passenger-car  information  and  the  prin- 
cipal types  of  motor-truck  information,  with  the  excep- 
tion of  the  weights  of  the  vehicles.  Nine  hours  con- 
stituted the  length  of  each  operation  at  a  station;  t lie- 
actual  hours,  however,  varied  with  each  operation  and 
ranged  between  6  a.  m.  and  9  p.  m.  A  sufficient  num- 
ber of  night  operations  were  made  to  enable  the  cor- 
rection of  all  traffic  counts  to  an  average  24-hour  da\ . 

In  addition  to  the  operation  by  recording  parties,  8 
of  the  57  stations  were  operated  by  a  "weight"  party, 
which  recorded  all  motor-truck  traffic  information, 
including  weights  of  vehicles.  These  eight  slat  ion- 
were  located  at  key  points  on  the  principal  highways  in 
different  sections  in  order  that  practices  in  motor-truck 
loading  in  various  parts  of  the  Stale  could  be  determined. 
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The  average  daily  distribution  of  traffic  on  the 
important  highways  of  Connecticut  as  developed  by 
the  survey  is  shown  in  Figure  2.  It  is  evident  that  the 
routes  connecting  important  centers  of  population  and 
industry  carry  the  heaviest  traffic.  The  Boston  Post 
Road  from  Greenwich  to  New  Haven  is  the  most  im- 

Sortant  highway  in  the  State  and  the  same  route  from 
'ew  Haven  north  to  the  Massachusetts  line  is  almost 
of  equal  importance.  In  general,  the  traffic  tends  to 
vary  directly  with  the  population  and  industry  served 
by  the  route  and  inversely  as  the  distance  from  centers 
of  population  and  industry. 

With  the  exception  of  the  route  from  Greenwich  to 
Westerly,  the  general  direction  of  the  important  traffic 
routes  is  north  and  south.  Other  east  and  west  routes 
although  of  considerable  importance  are  secondary  to 
the  north  and  south  routes.  The  distribution  of  aver- 
age daily  truck  traffic  shown  in  Figure.  3  is,  in  general, 
similar  to  the  distribution  of  total  traffic. 

The  width  of  the  white  space  between  the  black 
lines  of  Figures  2  and  3  represents  the  average  daily 
traffic  throughout  the  year.  But  traffic  varies  greatly 
with  the  seasons  of  the  year  and  the  days  of  the  week. 


Fiu  1. — Map  Showing  Location    of   Connecticut    Traffic 
Survey  Stations 

Hence  there  is  also  shown  in  these  figures  by  the  width 
from  outside  to  outside  of  the  bordering  black  lines 
the  maximum  traffic  which  occurs  at  all  points  at 
certain  periods.  Considering  all  types  of  vehicles, 
Sunday  is  the  day  and  August  the  month  of  maximum 
total  traffic.  The  distribution  of  the  total  traffic  on 
a  Sunday  in  August  is  therefore  presented  in  Figure  2 
as  an  indication  of  the  maximum  traffic  density. 
The  density  of  the  traffic  on  this  particular  day  was 
254  per  cent  of  the  average. 

Variation  in  truck  traffic  is  considerably  less  than 
the  variation  in  passenger-car  traffic.  The  monthly 
variation  in  passenger-car  traffic  ranges  from  29  to 
193  per  cent  of  the  average.  For  truck  traffic  the 
corresponding  range  is  from  68  to  122  per  cent.  Truck 
traffic  is  very  uniform  from  Monday  through  Friday. 
On  Saturday  it  is  somewhat  lower  than  on  other 
week  days,  and  on  Sunday  it  is  very  low  compared 
with  other  days  of  the  week. 

Maximum  daily  truck  traffic,  as  shown  in  Figure  3, 
which  represents  a  Friday  in  October,  is  approximately 
146  per  cent  of  the  average  daily  truck  traffic  for  the 


year.  These  figures  represent  the  present  normal 
peak  load  of  traffic  for  which  highway  facilities  are 
required.  Unusual  density  of  traffic  on  holidays  or 
special  movements  on  certain  routes  due  to  fairs, 
football  games,  and  similar  events  will  exceed  in  density 
the  movements  indicated  on  these  charts.  It  is  not 
necessary  to  consider  these  special  movements  in 
planning  the  highway  program,  but  due  allowance 
must  be  made  for  the  expected  increase  in  traffic 
during  a  reasonable  period  in  the  future. 

In  connection  with  the  survey  a  map  showing  the 
distribution  of  population  was  prepared  for  comparison 
with  the  map  showing  the  distribution  of  traffic.  It 
is  evident  from  this  map  that  there  is  a  relation  be- 
tween them.  Of  the  17  towns  (the  town  in  Connecticut 
corresponding  roughly  to  the  township  in  other  States) 
having  a  population  in  1920  of  640  or  more  per  square 
mile,  16  are  traversed  by  the  seven  routes  which  have 
been  classified  as  the  principal  routes. 

The  areas  adjacent  to  the  principal  routes  are  in- 
creasing in  population  at  a  more  rapid  rate  than  other 
sections  of  the  State,  the  rate  of  increase  varying  from 
17.2  to  39  per  cent,  whereas  the  rate  of  increase  for 
the  remainder  of  the  State  is  only  4.7  per  cent.  The 
more  rapid  rate  of  population  increase  in  the  areas 
adjacent  to  the  principal  highways  indicates  the  urgent 
need  for  the  planning  and  construction  of  highways  to 
serve  future  traffic  needs  in  these  areas. 

The  present  distribution  of  population  and  the 
trends  of  population  growth  as  reflected  in  the  more 
rapid  increase  in  the  densely  populated  areas  and  the 
more  rapid  increase  in  urban  than  in  rural  population 
indicate  that  the  present  main  traffic  routes  will  con- 
tinue to  be  the  important  routes  and  may  increase  in 
relative  importance.  The  changes  in  relative  impor- 
tance of  main  traffic  routes,  as  compared  with  those  of 
secondary  importance,  must  of  necessity  be  slow  and 
will  not  be  important  during  the  next  few  years. 

The  present  trends  indicate  that  minor  traffic  routes 
will  with  some  exceptions  continue  to  be  of  minor 
importance.  The  present  areas  of  low  population 
density  and  of  decreasing  or  slowly  increasing  popu- 
lation will  not  become  important  traffic  areas  during 
the  next  decade. 

MOTOR  TRUCK  CAPACITIES  AND  LOADING 

The  design  of  highways  and  the  types  of  pavements 
to  be  selected  are  dependent  not  only  upon  the  amount 
of  traffic  using  them  but  also  upon  the  type  and  weight 
of  the  traffic.  The  number  of  vehicles  indicates  the 
general  importance  of  one  route  as  compared  with 
another  and  is  the  most  important  factor  in  consider- 
ing highway  width,  parallel  routes,  and  elimination  of 
grade  crossings  and  "bottle  necks."  But  the  deter- 
mination of  the  amount  of  the  traffic  does  not  form 
sufficient  or  conclusive  evidence  for  the  final  selection 
of  highway  design  and  type  of  pavement. 

Analysis  of  traffic  on  the  Connecticut  roads  reveals 
entirely  different  types  of  traffic  on  various  highways. 
The  first  difference  noted  is  a  higher  proportion  of 
motor-truck  traffic  on  one  highway  than  another.  This 
can  be  illustrated  in  the  case  of  two  highways,  one  of 
which  connects  two  large  industrial  centers  and  the 
other  a  city  and  a  pleasure  resort.  The  latter  highway 
would  naturally  be  mainly  a  passenger-car  route  and 
be  used  less  by  motor-truck  traffic  (in  proportion  to 
total    traffic)    than    the    route    connecting    industrial 
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FlG.  2.— Average  Daily  and  Maximum  Motor-Vehicle  Traffic  on  the  Important  Highways  of  Connecticut 
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Fig.  3.— Average  Daily  and  Maximum  Motor-Truck  Traffic  on  the 
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centers.  A  more  searching  analysis  reveals  variation 
in  motor-truck  traffic  itself;  a  preponderance  of  large- 
capacity  trucks  and  heavy  gross  loads  on  one  route  and 
of  small-capacity  truck's  and  light  gross  loads  on 
another. 

Variation  in  the  capacity,  loading,  and  tire  equip- 
ment of  the  vehicles  causes  corresponding  variations  in 
the  effect  upon  the  highways.  Light,  pneumatic- 
tired  vehicles  have  less  effect  then  heavy,  solid-tired 
vehicles.  An  investigation  by  the  Bureau  of  Public 
Roads  into  the  effect  of  motor-truck  impact  upon 
highways,  shows  that  a  badly  worn  solid  tire  can  deliver 
an  impact  seven  times  as  great  as  the  static  wheel  load. 
Pneumatic  tires,  on  the  other  hand,  seem  to  definitely 
limit  the  impact.  In  no  case,  using  obstructions  as 
high  as  4  inches,  has  it  been  possible  to  record  pressures 
under  pneumatic  tires  greater  than  double  the  static 
weight.-  In  the  choice  of  the  design  and  type  of  pave- 
ment, therefore,  these  variations  in  type  of  traffic  must 
he  considered. 

Variations  in  the  rated  capacities  of  motor  trucks 
using  highway  routes  are  an  excellent  basis  for  determin- 
ing the  type  of  motor-truck  traffic.  Small-capacity 
trucks  are  designed  to  carry  light  loads  and  although 
overloading  (loading  beyond  the  rated  capacity  of  the 
truck)  is  not  uncommon,  it  can  not  be  practiced  beyond 
a  certain  degree.  The  rated  capacity  of  a  truck  is 
found  to  bear  a  close  relation  to  the  average  load  trans- 
ported by  it;  and  the  capacities  of  all  trucks  using  a 
highway  will  bear  a  similar  relation  to  the  tonnage 
transported  over  the  highway.  The  proportion  of  light, 
medium,  and  heavy  trucks  passing  over  the  highways  of 
a  State  is  the  primary  factor  in  the  determination  of 
types  of  motor-truck  traffic. 

Additional  evidence  concerning  motor-truck  traffic 
is  obtained  by  an  analysis  of  net  and  gross  loads  and  of 
rear-axle  and  wheel  loads.  This  evidence  is  not  only 
valuable  in  the  selection  of  highway  design  and  type  of 
pavement  but  also  in  traffic  control  and  the  regulation 
i'l'  overloading. 

THE  HALF-TON  TRUCK   PREDOMINATES 

One-half  ton  is  the  predominant  capacity  of  motor 
trucks  using  the  Connecticut  highways,  approximately 
one-fourth  of  all  trucks  recorded  during  the  survey 
being  of  that  size.  Most  important,  however,  from 
the  standpoint  of  the  weight  and  number  of  the  ve- 
hicles, is  the  5-ton  capacity,  which  was  represented  in 
the  traffic  by  one-tenth  of  the  total  number  of  trucks. 
Table  1  shows  relatively  the  number  of  motor  trucks 
of  all  capacities  observed  in  the  State  as  a  whole  during 
the  survey  period.  The  trucks  of  1-ton  capacity  and 
under  represent  on  the  highways  a  much  smaller  per- 
centage of  the  total  traffic  than  they  do  of  the  total 
registration,  while  all  other  capacity  groups  are  present 
in  greater  proportion  in  the  traffic  than  in  the  regis- 
tration lists.  It  is  apparent,  however,  from  Table  1 
that,  in  the  State  as  a  whole,  the  motor-truck  move- 
ment consists  very  largely  of  small-capacity  trucks, 
although  the  heavy-truck  movement  is  much  heavier 
than  the  registration  of  such   trucks  would  indicate. 


t  Status  of  the  Motor  Truck  Impact  Tests  of  the  Bureau  of  Public  Roads,  by 
C.  A.  Hogentogler,  Public  Roads,  vol.  5,  No.  9,  p.  14. 


Table   1. — Distribution  of  observed  motor  trucks  by  capacity 
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It  is  possible  from  a  study  of  the  capacity  of  trucks 
using  the  highways  of  the  State  to  classify  certain 
routes,  for  purposes  of  highway  design  and  surface 
type  selection,  as  terminal  highways  and  others  as  class 
A,  B,  and  C  highways.  A  terminal  highway  may  be 
defined  as  a  highway  connecting  large  industrial  centers, 
not  widely  separated  between  which  there  is  a  daily 
motor- truck  traffic  which  consists  of  a  large  number  of 
trucks  of  all  capacities  but  especially  of  large-eapacity 
t rucks.  Class  A  highways  may  be  defined  as  carrying 
a  smaller  number  of  motor  trucks  of  all  capacities  than 
terminal  highways;  class  B  highways  its  those  the 
traffic  of  which  consists  mainly  of  small-capacity 
trucks;  and  class  C  highways  as  those  over  which  the 
traffic  of  motor  trucks  of  till  capacities  is  relatively 
unimportant.  In  addition  to  the  classification  of 
highways,  it  is  possible  from  a  study  of  the  movement 
of  trucks  of  various  capacities  to  establish  certain 
general  principles  regarding  the  movement. 

Figures  4  and  5  illustrate  the  movement  of  small  and 
large-capacity  trucks  over  the  Connecticut  highway 
system.  Several  significant  features  tire  observable 
in  the  movement  illustrated  by  these  figures.  One  of 
these  is  the  great  volume  of  }i  to  2^-ton  trucks 
(fig.  4)  observed  around  large  centers  of  population 
and  between  adjacent  large  centers  of  population. 
This  condition  is  apparent  around  Hartford,  New 
Haven,  and. Bridgeport  and  is  accounted  for,  in  large 
part,  by  the  fact  that  large  cities  and  towns  arc  dis- 
tribution centers  for  commodities  and  because,  in  this 
distribution  of  commodities,  the  small-capacity  truck 
is  in  general  the  most  economical  unit.  The  movement 
of  small-capacity  trucks  is  predominantly  a  local  or 
short-haul  movement.  This  is  particularly  true  of  the 
Yi  to  li^-ton  trucks,  the  average  trip  mileage  of  which 
ranges  from  12  to  18  miles.  Table  2  shows  the  average, 
trip  mileage  of  motor  trucks  of  various  capacities. 

Table  2. — Average  trip   mileage  of  motor  trucks  of  various 
capacities 


Capacity 

Average 
trip 

Capacity 

Average 
trip 

'  ■  ton 

Milis 
12 
17 
15 
18 
17 
27 
34 
29 
33 

4  tons.  . 

Miles 
30 
45 
54 
3fi 
42 
CO 

Va.  ton 

1  ton... _  . 

\%  tons.. 

6  tons 

l'jtons...  ...     .. 

6)4  tons 

2  tons. 

7J^  tons 

IVi  tons 

All  capacities. . 

3  tons... 

22 

3'2  tons 
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Fig     4.— Average  Daily  Traffic  of  Small-Capacity    Trucks  (One-half  to  2^  Tons)  on  the  Important  Highways  of 
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The  location  of  the  State  is  a  contributory  factor  to 
the  long-haul  movement  of  large-capacity  trucks. 
Connecticut  is  a  highly  developed  industrial  area  and 
its  highways  are  the  main  traffic  arteries  between  New 
York  City  and  New  England  points,  resulting  in  a 
large  proportion  of  long-distance  haulage  by  large- 
capacity  vehicles. 

TRUCK  OVERLOADING  PRACTICES 

Approximately  two-thirds  of  all  motor  trucks  ob- 
served on  the  Connecticut  highways  during  the  course 
of  the  survey  were  loaded. 

Comparing  the  large  and  small-capacity  trucks,  it 
was  found  that  a  somewhat  larger  proportion  of  the 
former  were  loaded.  Of  the  total  number  of  J^-ton 
trucks,  for  instance,  60.5  per  cent  were  found  to  be 
loaded;  while  the  loaded  5-ton  trucks  were  66.3  per 
cent  of  the  total  number.  Although  the  differences 
between  the  proportion  of  loaded  small-capacity  and 
large-capacity  trucks  are  not  very  great,  it  is  apparent 
that  the  large-capacity  trucks  more  frequently  get 
return  loads. 

The  general  tendencies  in  motor-truck  loading  are 
shown  by  the  average  net  and  gross  weights  for  trucks 
of  each  capacity  as  recorded  in  Table  3. 

There  is  a  tendency  to  load  the  2,  2J/£,  '&x/i,  5,  and  6- 
ton  trucks  nearer  the  limit  of  their  rated  capacities. 
Trucks  of  these  capacities  can  therefore  be  expected 
to  be  the  principal  motor  trucks  carrying  loads  in 
excess  of  rated  capacity,  since  the  ratio  of  their  average 
net  load  to  their  capacity  is  higher  than  in  the  case  of 
the  other  capacities. 

Table  3. — Averagt    net  and  gross  weight  of  trucks  of  the  several 

capacities 


Capacity 

Number 
of  trucks 

Average 

net 
weight 

Average 

gross 
weight, 

1  ■■  ton 

5, 072 
1 .  37.'. 

5,  167 
3,  143 
1 ,  679 
4, 435 
1,859 

335 

3,507 

148 

6,  897 
236 

16 
430 
218 

Pounds 
720 
1,090 
1,440 
1, 560 
2,310 
3, 570 
4,6fi0 
4,430 
6,020 
fi,690 
8,680 
8,440 
10,900 
10, 180 
9,520 

Pounds 

2, 950 

a4  ton..                        

5,210 

1  ton 

4,370 

1  Vi  tons 

5,  270 

1 M  tons 

7,  350 

2  tons 

10  040 

'-"  2  tons _ 

11  580 

3  t  ons 

12  770 

V/2  tons. 

15,820 
16,820 
20  1711 

4  tons 

5  tons 

ons 

20, 380 

Bj  i  tons 

22,  590 
22, 200 

7'  2  tons... 

Almost  one-third  of  the  loaded  motor  trucks  ob- 
served on  the  Connecticut  highways  during  the  survey 
carried  net  loads  in  excess  of  their  rated  capacities. 
Of  the  total  number  of  loaded  trucks,  30.2  per  cent 
were  loaded  over  their  rated  capacity  and  2.1  per  cent 
had  gross  weights  in  excess  of  25,00*0  pounds.  Of  all 
sizes  of  trucks,  those  of  2,  2]/2,  3y2,  and  5-ton  capacity 
were  found  most  frequently  to  be  loaded  beyond  their 
rated  capacity.  The  percentages  of  truck's  of  these 
sizes  so  overloaded  were  38.1,  41.8,  38.1,  and  41.1  per 
cent,  respectively. 

The  fact  that  2.1  per  cent  of  the  total  gross  loads 
exceed  the  25,000-pound  legal  limit  is  significant.  No 
gross  loads  over  25,000  pound-  weir  found  on  trucks 
of  3-ton  capacity  or  smaller.  It  would  be  almost 
impossible  for  trucks  of  these  smaller  sizes  to  carry  a 


25, 000-pound  gross  load.  For  this  reason  it  would 
probably  be  more  accurate  to  compute  the  percentage 
of  loads  in  excess  of  the  gross-weight  limit  on  the  basis 
of  the  number  of  loaded  31  2  to  7^-ton  trucks.  Apply- 
ing this  method  it  is  found  that  of  the  total  number  of 
3^  to  7J^-ton  loaded  trucks  recorded,  6.4  per  cent 
were  loaded  in  excess  of  25,000  pounds  gross.  On  the 
terminal  and  class  A  highways  overloaded  trucks  are 
more  frequent.  The  highest  percentage  of  trucks 
loaded  beyond  their  rated  capacity  was  found  on  the 
Boston  Post  Road. 

TYPE  OK  TIRE  EQUIPMENT 

Pneumatic  tires  are  used  on  99  per  cent  of  the  J^-ton 
trucks.  They  also  form  the  chief  tire  equipment  for 
the  M,  1,  1M,  and  1^-ton  trucks.  The  trucks  of 
larger  capacity  are  mainly  equipped  with  solid  tires  on 
both  front  and  rear  wheels,  although  there  is  some 
usage  of  combinations  of  the  two  tire  types,  using  the 
solid  type  on  the  rear  wheels  and  the  pneumatic  type 
on  the  front  wheels. 

The  average  net  and  gross  loads  of  trucks  vary 
considerably  for  trucks  of  the  same  capacity  according 
to  the  type  of  tire  equipment.  Trucks  equipped  with 
pneumatic  tires  on  both  front  and  rear  wheels  are,  in 
general,  less  heavily  loaded  than  those  which  are 
equipped  either  with  solid  tires  only  or  with  a  combina- 
tion of  pneumatic  and  solid  tires.  The  heaviest  loading 
occurs  on  the  trucks  that  have  solid  tires  on  all  four 
wheels. 

Analyzing  the  trip  mileage  of  the  trucks  with  respect 
to  the  tire  equipment,  it  appears  that  the  majority  of 
pneumatic-tired  trucks  84.5  per  cent — travel  less  than 
40  miles.  Of  the  solid-tired  trucks,  58.8  per  cent  travel 
less  than  40  miles ;  and  of  all  trucks  with  the  three  types 
of  tire  equipment,  3.5  per  cent  of  the  pneumatic  tired, 
12.9  per  cent  of  the  solid  tired,  and  24  per  cent  of  those 
equipped  with  a  combination  of  solid  and  pneumatic 
tires,  travel  100  miles  or  more  at  a  trip. 

LOADS  PER  INCH  WIDTH  OF  TIRE 

In  order  to  determine  the  extent  of  violation  of  the 
statute  prohibiting  loads  in  excess  of  800  pounds  per 
inch  width  of  solid  tire  and  also  providing  that  no 
commercial  vehicle  shall  be  so  loaded  that  the  weight 
on  one  axle  is  less  than  20  per  cent  of  the  gross  weight, 
an  analysis  was  made  of  the  weights  of  4,580  loaded 
trucks.  Excess  loads  per  inch  of  width  for  the  front 
axle  were  found  to  be  exceptional.  Of  the  4,580  trucks 
analyzed,  102,  or  2.2  per  cent,  were  found  to  have 
loads  in  excess  of  800  pounds  per  inch  width  of  tire  on 
the  rear  axle. 

Examining  the  extent  to  which  the  overloading  indi- 
cated by  violation  of  this  statute  is  confirmed  by  the 
other  determinants  of  overloading — that  is,  loading  in 
excess  of  rated  capacity  and  loading  in  excess  of  25,000 
pounds  gross  weight — it  is  fonnd  that  of  the  4,580 
trucks  referred  to  above  2,810,  or  61.4  per  cent,  were 
loaded  to  less  than  their  rated  capacity  and  of  these 
only  20,  or  0.7  per  cent,  were  loaded  in  excess  of  800 
pounds  per  inch  width  of  tire,  channel  measurement. 
Of  the  1,770  trucks,  38.6  per  cent  of  the  total  number, 
that  were  loaded  in  excess  of  rated  capacity,  82,  or 
4.6  per  cent,  were  loaded  in  excess  of  800  pounds  per 
inch  width  of  tire,  channel  measurement;  and  of  the 
144  trucks  the  gross  weight  of  which  exceeded  25,000 
pounds,  27,  or  18.8  per  cent,  violated  the  tire-weight 
statute. 
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Data  are  also  recorded  and  analyzed  in  the  report  as 
to  the  results  secured  hy  determining  the  width  of 
tires  by  inside  channel  measurements  and  actual  road 
contact  measurements.  The  results  indicate  that  a 
limitation  of  800  pounds  per  inch  of  tire,  channel 
measurement,  is  approximately  equivalent  to  a  limita- 
tion of  1,000  pounds  per  inch  of  width  measured  at  the 
point  of  contact  with  the  road  surface. 

Measurements  were  also  taken  of  the  thickness  of 
solid  truck  tires.  Very  few  trucks  were  encountered 
with  tires  less  than  1  inch  in  thickness  and  the  number 
operating  on  tires  less  than  1.5  inches  in  thickness 
varied  from  2.8  per  cent  of  the  loads  in  excess  of  25,000 
pounds  gross  weight  to  8.5  per  cent  of  the  trucks  with 
less-than-rated-capacity  loads.  Over  60  per  cent  of 
all  trucks  operate  on  tires  between  1.5  and  2.4  inches 
in  thickness. 

HIGHWAY  UTILIZATION 

The  daily  vehicle  utilization  of  Connecticut  high- 
ways is  indicated  by  Figures  2  and  3.  Net  tonnage 
transported  is  the  most  reliable  basis  for  the  measure- 
ment of  the  service  value  of  a  highway  for  the  trans- 
portation of  commodities. 

The  1,114  miles  of  improved  highways  in  the  State 
trunk-line  system  carry  an  average  of  159,000  net  ton- 
miles  and  575,000  gross  ton-miles  of  motor-truck 
traffic  per  day.  During  the  year  period — September, 
1922,  to  September,  1923 — these  highways  carried 
approximately  58,000,000  net  ton-miles  and  approxi- 
mately 210,000,000  gross  ton-miles  of  truck  traffic. 
During  the  same  period  the  total  vehicle  utilization 
of  the  State  system  was  approximately  414,000,000 
vehicle-miles,  of  which  59,700,000  were  truck-miles  and 
35 1,300,000  were  passenger  car-  miles.  The  State  trunk 
highway  system  includes  7.2  per  cent  of  the  total  high- 
way mileage  in  the  State.  The  State-aid  system  in- 
cludes 4.3  per  cent  and  the  town  roads  88.5  per  cent 
of  the  total  mileage  of  the  State.  No  accurate  data 
regarding  the  vehicle-mileage  utilization  of  the  State- 
aid  and  town  highway  systems  are  available;  but  on 
the  basis  of  scattered  data  it  is  estimated  that  approx- 
imately GO  per  cent  of  the  total  vehicle  mileage  is  on 
the  State  highway  system,  and  that  the  total  annual 
vehicle-mileage  utilization  of  all  highways  in  Connect- 
icut is  therefore  approximately  690,000,000  vehicle- 
miles. 

Table  4. — Trip  mileage  of  passenger  ears  used  for  business  and 
nonbusiness  purposes 


Trip  mileage 

All  pas- 
senger 
cars 

Business 
cars 

Nonbusi- 
ness cars 

0-19                                                                 

Per  cent 

55.7 

16.  3 

9.2 

5.0 

3.6 

4.3 

1.7 

2.7 

.5 

.2 

.8 

Per  cent 

65.3 

14.4 

8.2 

3.9 

1.7 

3.3 

1.2 

1.5 

.2 

.1 

.2 

Per  cent 
48.0 

20-39                                                                     .   

17.9 

40-59 _._ 

10.1 

80-79                                                     .  .  .  .  . 

5.9 

80-99                                                             

5.1 

100-149  .                                                  

5.1 

150-199  -                                                           

2.1 

200-299                                                            .___.._ 

3.7 

300-399  .                                                           

.7 

400-499  -                                                                 _   .    . 

.4 

1.0 

Total    -                                             

100.0 

100.0 

100.0 

Of  the  annual  354,300,000  passenger  car-miles  on 
the  State  system,  32.3  per  cent,  or  approximately 
114,400,000  passenger  car-miles,  represents  the  busi- 
ness use  of  passenger  cars,  and  67.7  per  cent,  or  ap- 


proximately 239,900,000  passenger  car-miles,  repre- 
sents the  nonbusiness  use  of  passenger  cars.  The 
average  trip  mileage  of  passenger  cars  used  for  busi- 
ness purposes  is  considerably  below  the  corresponding 
average  for  nonbusiness  usage,  as  indicated  by  the 
analysis  of  the  two  kinds  of  usage  presented  in  Table  I. 

Of  all  passenger  cars  using  the  highways  44.5  per 
cent  are  business  cars  and  55.5  per  cent  nonbusiness 
cars.  The  variation  between  the  proportion  of  busi- 
ness and  nonbusiness  usage  on  a  vehicle  basis  and  on 
a  mileage  basis  is  due  to  the  shorter  average  trip 
mileage  of  business   cars. 

The  percentages  of  all  cars  used  for  business  and 
nonbusiness  purposes,  classified  according  to  trip  mile- 
age, are  shown  in  Table  5. 

The  number  of  passengers  per  car  averages  2.7  per- 
sons for  all  passenger  cars.  For  business  cars  the  aver- 
age is  1.8  persons,  and  for  nonbusiness  cars,  3.2  persons. 
The  passenger  mileage  on  the  State  highway  system  for 
the  year  period  was  206,000,000  for  business  cars  and 
768,000,000  for  nonbusiness  cars,  or  a  total  of  974,- 
000,000  passenger-miles. 

Table  5. — Percentages  of  all  passenger  cars  used  for  business  and 
nonbusiness  purposes,  classified  according  to  trip  mileage 


Trip  mileage 

Business 
cars 

Nonbusi- 
ness cars 

0-19... 

Per  cent 
52.2 
39.3 
39.4 
34.8 
21.6 
34.5 
30.9 
24.6 
17.6 
17.2 
12.6 

Per  cent 
47.8 

20-39 .   . 

60.  7 

40-59. 

(ill  i, 

60-79      . 

65.2 

80-99 ....   . 

78.4 

100-149 . 

65.5 

150-199   _         .....   ... 

69,  1 

200-299 

75.4 

300-399 

\           .     

82.4 

400-499.-   -       

82.8 

87.4 

Total 

44.5 

55.5 

STATE  SYSTEM   EARNS  BIG   RETUKN  ON  INVESTMENT 

Applying  assumed  values  for  saving  in  vehicle 
operation  of  1  cent  per  passenger  car-mile  and  3  cents 
per  truck-mile  to  the  traffic  on  the  1,114  miles  of  the 
State  trunk  highway  system,  an  estimated  service 
value  of  the  highway  system  can  be  obtained.  As 
stated  before  the  annual  vehicle  mileage  on  this  system 
during  the  year  period — September,  1922,  to  Septem- 
ber, 1923— was  approximately  414,000,000  vehicle- 
miles,  of  which  59, 700, 000  'were  truck-miles  and 
354,300,000  were  passenger  car-miles.  On  this  basis  of 
valuation  the  annual  service  value  of  the  system  is 
$1 ,79 1 ,000  for  truck  traffic  and  $3,543,000  for  passenger 
ear  traffic,  a  total  of  $5,334,000  for  the  system. 

A  valuation  based  on  motor-vehicle  operating  costs, 
however,  does  not  represent  the  total  service  value 
produced  by  the  highway  system  and  the  vehicles 
usin^  the  highways.  Highway  improvements  increase 
real  "property  values.  Highway  transportation  adds 
time  utility  to  the  value  of  goods  b\  the  rapid  move- 
ment at  the  time  of  demand  and  also  produces  place 
utility  by  making  goods  available  for  use  by  transport- 
ing them  from  the  place  of  supply  to  the  place  of 
demand. 

The  value  in  1923  of  the  1,11  1  miles  of  improved 
highways  on  the  State  trunk-line  system,  includ- 
ing bridges  but  exclusive  of  right  of  way.  is  esti- 
mated  by    the    Connecticut    Stale   Highway    Commis- 
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sion  at  approximately  $23,000,000.  Based  on  the 
above  estimate  of  the  service  value  of  the  highway 
system  to  highway  users,  and  without  considering  the 
additional  service  value  indicated  above,  the  State 
trunk  highway  system  earns  an  annual  return  of 
approximately  23  per  cent  on  the  investment, 

Vehicles  of  foreign  registration  form  an  important 
part  of  both  motor-truck  and  passenger-car  traffic  on 
the  State  system.  Foreign  trucks  comprised  10.9 
per  cent  of  all  trucks  recorded,  but  on  account  of  their 
greater  trip  mileage  (40  miles  over  Connecticut  roads  as 
compared  with  14  miles  for  Connecticut  trucks)  the 
utilization  on  a  ton-mileage  basis  is  much  higher. 
They  also  carry  a  greater  tonnage  than  the  Connecticut 
trucks.  This  is  to  be  expected,  since  most  of  them  are 
operating  on  the  longer  hauls  where  the  larger  capacities 
are  generally  used.  On  the  basis  of  ton-mileage  the 
foreign  trucks  furnish  almost  one-third  of  the  total 
truck  traffic. 

Passenger  cars  of  foreign  registration  were  21.1  per 
cent  of  all  passenger  cars  recorded  and  furnished  43.4 
per  cent  of  the  total  passenger-car  mileage. 

TRANSPORTATION  OF  COMMODITIES 

In  1923  there  were  29,140  and  in  1924  33,770  motor 
trucks  registered  in  Connecticut.  These  motor  trucks 
were  in  constant  use  carrying  commodities  over  the 
highways  and  streets.  During  the  period — September, 
1922,  to  September,  1923 — the  haulage  of  these  com- 
modities over  the  1,114  miles  of  the  State  highway 
system  amounted  to  approximately  58,000,000  ton- 
miles  and  the  inclusion  of  other  highways  and  city 
streets  would  substantially  increase  this  amount. 

Mo  tor- truck  transportation  in  the  State  is  of  three 
principal  types. 

1.  Transportation  within  the  market  and  trading  area  of  a 
city  or  town,  including — 

(a)  Distribution  of  commodities  from  wholesaler  to  retailer, 
and  from  retailer  to  consumer. 

(b)  Marketing  of  commodities  produced  in, the  area,  and 

(c)  Pick-up  and  delivery  service  between  railroad  or  water 
terminals  and  shipper  and  consignee. 

The  movement  is  purely  local,  the  major  part  of  it 
being  within  the  city  or  town.  It  uses  the  rural  high- 
ways only  in  so  far  as  the  market  or  trade  area  of  the 
city  extends  beyond  its  political  limits. 

2.  Complete  transportation  from  the  shipper's  place  of 
business  to  the  consignee's  place  of  business  for  comparatively 
short-haul  shipments.  This  type  of  transportation  is  inter- 
urban  rather  than  local  or  suburban  in  character  and  is  generally 
limited  to  distances  of  less  than  40  miles. 

3.  Comparatively  long-distance  tiansportation,  including — 

(a)  The  transportation  of  specialized  commodities,  notably 
those  which  require  a  special  preparation  for  shipment  by  rail  or 
water  that  can  be  avoided  by  motor-truck  shipment;  and  those 
which,  because  of  their  high  value  or  their  perishability,  require 
rapid-delivery  service;  and 

(b)  Emergency  transportation  during  periods  of  congestion 
and  embargoes  on  other  transportation  facilities. 

From  Table  6  it  is  evident  that  of  the  total  net  ton- 
nage transported  over  the  State  highway  system  more 
than  one-third  is  moved  distances  of  less  than  10  miles, 
approximately  two-thirds  is  moved  distances  of  less 
than  30  miles,  and  only  15.2  per  cent  is  moved  distances 
of  GO  miles  and  over.  The  table  includes  commodities 
transported  over  the  State  system  only  and  excludes 
the  large  volume  of  motor-truck  tonnage  which  is  trans- 
ported over  city  streets. 


Table  6. — Distribution  of  net  tonnage  of  commodities  transported 
by  motor  truck  over  the  Connecticut  State  highway  system  by 
length  of  haul 


Length  of  haul  (miles) 

Proportion 

of  total  net 

tonnage 

Length  of  haul  (miles) 

Proportion 

of  total  net 

tonnage 

0-9 

Per  cent 
36.3 
19.2 
11.6 
9.1 
4.0 
4.6 
2.2 

70-79 

Per  cent 
2.6 

10-19 

80-89 

.8 

20-29.. 

90-99 

1.0 

30-39 

100  and  over 

8.6 

40-49 

Total 

50-59.    . 

100.0 

60-69 

Approximately  350  distinct  commodities  were  re- 
corded on  trucks  using  the  State  highway  system  during 
the  period  of  observation,  but  of  the  total  net  tonnage 
69  per  cent  was  made  up  of  manufactured  goods.  The 
distribution  by  types  of  commodities  is  shown  in 
Table  7. 

Table  7. — Principal  commodities  transported  by  motor  truck  on 
State  highway  system 


Commodity 

Percent- 
age of 
total  net 
tonnage 

Commodity 

Percent- 
age of 
total  net 
tonnage 

6.8 

5.3 
4.8 
4.5 
4.5 
3.3 
3.3 
3.0 
2.9 
2.7 
2.7 
2.5 
2.4 
2.2 

Ice  cream       

Iron  and  steel  bar 

2.0 

Gravel,   sand,   and   crushed 

1.8 

rock _     __ 

Brick __ 

Feed  and  grain    . 

1.5 

General  express     

1.5 

Gasoline   ...     .  

Furniture  (new)  _ 

1.4 

Household  goods  (used) .  .     . 

Vegetables     ..  

1.3 

Coal. 

1.2 

1. 1 

Bread  and  bakery  goods 

Ice 

1.0 

Moat,  fresh        __  '_       _     _     __ 

Tires,  rubber    . 

1.0 

Milk,  fresh 

Wood,  cord,  and  kindling 

Miscellaneous  commodities.  _. 

Total 

.9 

Fruits 

34.4 

Brass,  copper,  and  lead   

Beverages 

100.0 

Textiles 

The  length  of  haul  and  the  average  unit  load  of  the 
different  commodities  varies  considerably.  Of  the 
materials  hauled  9  miles  and  less,  gravel,  sand,  and 
stone  are  first  in  importance;  in  the  10  to  19  mile  haul 
they  rank  third  in  importance,  and  for  longer  hauls 
they  are  not  among  the  important  commodities.  Coal 
appears  as  an  important  commodity  only  in  the 
shortest  haul  groups,  groceries  in  all  haul  groups  up 
to  70  miles,  and  gasoline  among  the  commodities 
hauled  all  distances  up  to  30  miles.  The  commodities 
of  greatest  importance  in  the  long-haul  groups  are 
household  goods  (used) ,  textiles,  rubber  tires,  and 
crude  rubber.  Household  goods  increase  in  relative 
importance  with  increase  in  the  distance  hauled,  con- 
stituting 5.1  per  cent  of  the  movement  from  40  to  49 
miles  and  23.5  per  cent  of  the  haulage  for  distances  of 
100  miles  and  more.  Rubber  tires  and  crude  rubber 
appear  among  the  important  commodities  only  for 
hauls  of  100  miles  or  more,  indicating  the  very  spe- 
cialized character  of  the  movement  over  such  long 
distances. 

The  movement  of  foodstuffs,  consisting  largely  of 
retail  distribution  and  the  marketing  of  such  products 
as  milk,  is  predominantly  a  small-truck  movement. 
Household  goods  are  transported  chiefly  in  trucks  of 
1J/2  to  4  tons  capacity,  and  constitute  11.7  per  cent  of 
all  goods  transported  in  23^-ton  trucks.  Gasoline  is 
hauled  largely  in  trucks  of  from  2  to  4  tons  capacity, 
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and  gravel,  sand,  stone,  brick,  and  cement  are  hauled 
largely  in  trucks  of  3K-ton  and  larger  capacities. 
Textiles,  metal  products,  and  paper  (largely  news 
print)  are  also  hauled  in  large-capacity  trucks. 

TRUCK  AND  RAIL  TONNAGE  COMPARED 

Considerable  data  were  collected  as  to  the  character 
and  volume  of  freight  transported  by  highway  and  rail- 
road between  selected  points  both  within  and  outside 
of  the  State.  The  points  selected  represent  distances 
varying  from  17  to  140  miles,  and  all  have  direct  con- 
nection by  rail  and  highway.  Between  New  Haven 
and  Bridgeport  75.2  per  cent  of  all  the  freight  moves 
by  motor  truck,  0.9  per  cent  as  1.  c.  1.  rail  shipment,  and 
23.9  as  car-load  rail  shipment.     The  distance  is  17  miles 


For  products  of  animals  the  motor-truck  tonnage 
greatly  exceeds  the  rail  1.  c.  1.  tonnage  between  all  points 
analyzed  except  New  York  City  and  Springfield,  a  dis- 
tance of  approximately  134  miles,  and  exceeds  the  total 
rail  tonnage  between  all  points  except  New  York  City 
and  Springfield,  and  New  York  City  and  New  Haven, 
lne  large  car-lot  movement  of  these  products  between 
New  York  City  and  New  Haven  is  largely  accounted 
for  by  the  fact  that  New  Haven  is  the  wholesale  dis- 
tribution market  for  a  considerable  area. 

Of  manufactures  the  motor-truck  tonnage  exceeds 
the  rail  1.  c.  1.  tonnage  between  all  points  analyzed  except 
New  York  City  and  Springfield,  and  New  York  City 
and  Waterbury;  but  the  total  rail  tonnage  exceeds 
that   of   the   motor  truck  for  all   distances  over  60 
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Fig.  6. — Estimated  Total  Traffic  Density  on  State  Highways  in  1930 


by  rail  and  18  miles  by  highway.  Between  New  York 
City  and  Waterbury,  a  distance  of  93  miles  by  highway 
and  88  miles  by  rail,  the  figures  are  8.7  per  cent  by 
motor  truck,  17.5  per  cent  1.  c.  1.  freight,  and  73.8  per  cent 
car-load  freight. 

As  motor-truck  freight  is  primarily  a  package,  or 
small  unit  shipment,  it  is  more  strictly  comparable 
with  rail  1.  c.  1.  freight  than  with  all  rail  freight.  Of  all 
package  freight  the  motor  truck  carries  over  90  per 
cent  between  points  less  than  60  miles  apart.  Between 
points  over  60  miles  apart  the  percentage  varies  con- 
siderably, but  the  tendency  toward  relatively  decreas- 
ing truck  tonnage  with  the  increase  in  distance  is  very 
apparent. 

The  importance  of  the  motor  truck  in  the  transporta- 
tion of  products  of  agriculture  and  products  of  animals 
is  even  more  apparent.  These  classifications  include  a 
large  part  of  the  movement  of  perishable  foodstuffs. 
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miles  and  also  between  Hartford  and  Springfield,  a  dis- 
tance of  approximately  25  miles.  Between  the  latter 
points,  however,  3,312  tons  of  the  total  of  3,627.8  tons, 
or  over  90  per  cent  of  the  carload  tonnage  of  manufac- 
tures, consists  of  refined  petroleum  and  its  products. 

The  importance  of  the  motor  truck  in  the  transporta- 
tion of  commodities  is  clearly  indicated,  and  the  data 
warrant  the  following  conclusions : 

1.  A  very  considerable  part  of  the  package  freight  between 
origins  and  destinations  in  the  Connecticut  territory  less  than 
50  miles  apart  is  transported  by  motor  truck. 

2.  As  distance  between  origin  and  destination  increases  trans- 
portation by  motor  truck  becomes  of  less  importance. 

3.  The  ratio  of  motor-truck  freight  to  rail  freight  between  two 
points  varies  greatly  with  distribution  and  marketing  practices. 
Cities  which  are  distributing  points  for  surrounding  areas  receive 
a  larger  amount  of  freight  in  bulk  lots,  such  as  rail  carload  ship- 
ments, than  cities  which  distribute  to  the  local  market  alone. 

4.  For  origins  and  destinations  between  which  the  exchange 
of  freight  includes  bulk  commodities,  such  as  coal  and  oil,  the 
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tonnage  transported  by  motor  truck  compared  with  total  rail 
tonnage  is  relatively  small.  As  such  commodities  are  a  neces- 
sary part  of  the  freight  into  nearly  all  cities,  motor-truck  freight 
becomes  a  relatively  small  part  of  total  freight. 

FORECAST  OF  TRAFFIC  IN  1930 

A  knowledge  of  the  trend  of  traffic  development  on  a 
highway  system  is  a  prerequisite  to  the  establishment 
of  an  adequate  and  scientific  plan  of  highway  improve- 
ment. The  building  of  a  highway  which  will  not  meet 
traffic  demands  during  the  expected  life  of  the  im- 
provement is  a  poor  investment,  resulting  in  traffic 
congestion  and  early  reconstruction.  On  the  other 
hand,  the  building  of  a  highway  with  a  traffic  capacity 
in  excess  of  the  need  that  may  be  expected  to  develop 
during  the  life  of  the  improvement  is  also  uneconomic, 
since  it  involves  an  outlay  of  funds  which  could  more 
advantageously  be  used  for  other  highway  improve- 
ments. A  knowledge  of  future  traffic  is  therefore  es- 
sential to  the  establishment  of  a  sound  plan  of  highway 
improvement. 

The  most  scientific  method  of  future  traffic  prediction 
is  by  projecting  past  traffic  trends.  This  method  has 
been  found  accurate  in  the  prediction  of  population, 
business  conditions,  railway  traffic,  and  other  economic 
factors.  Accurate  prediction  on  the  basis  of  past 
trends  is  possible  only  when  the  trend  over  a  consid- 
erable period  of  years  is  known  and  also  when  the 
period  is  one  of  normal  development. 

While  there  are  no  adequate  records  of  traffic  develop- 
ment in  the  State,  there  are  complete  records  of  the 
motor-vehicle  registration  for  a  series  of  years,  and 
the  experience  of  other  States  demonstrates  that  these 
may  be  employed  as  a  basis  for  traffic  prediction,  since 
it  is  found  that  there  is  a  close  and  practically  constant 
relation  between  the  rates  of  growth  of  registration  and 
traffic.  The  States  in  which  the  relation  between  the 
two  factors  has  been  determined  are  Maryland,  Maine, 
and  Wisconsin.  In  each  of  these  States  both  traffic 
and  registration  records  are  available  for  a  number  of 
years. 

An  analysis  of  the  data  from  these  States  indicates 
clearly  that  traffic  and  registration  may  be  expected  to 
increase  at  approximately  equal  rates  and  that  the 
prediction  as  to  registration  may  be  taken  as  the  basis 
for  the  prediction  of  traffic. 

It  may  not  be  assumed,  of  course,  that  the  future  traf- 
fic will  be  distributed  in  exactly  the  same  proportions  as 
the  present  traffic  on  the  various  roads.  The  develop- 
ment of  new  highways,  unusual  industrial  or  resort 
developments,  and  suburban  expansion  will  affect  the 
traffic  in  smaller  areas. 

The  number  of  persons  per  vehicle  in  Connecticut 
for  each  year  since  1917  is  easily  determined  from 
available  registration  statistics  and  has  been  plotted 
graphically.  To  this  curve  there  has  been  fitted  a 
smooth  curve  using  the  method  of  least  squares,  and 
the  latter  has  been  extended  to  indicate  the  persons 
per  vehicle  in   1930.     Table  8  shows  the  estimated 


persons  per  car  determined  in  this  manner,  the  popula- 
tion estimated  by  methods  used  by  the  Bureau  of  the 
Census  and  the  resulting  registration  calculated  from 
these  two  sets  of  figures  for  each  year  between  1925 
and  1930. 

Table  8. — Estimate  of  persons  per  car,  population  and  motor- 
vehicle  registration  in  Connecticut,  1925  to  1930 


Year 

Estimated 
persons 
per  ear 

Estimated 
population 

Estimated 
motor- 
vehicle 

registration 

1925 

6.22 
5.47 
4.80 
4.22 
3.70 
3.25 

1,531,250 
1, 558, 640 
1, 586, 030 
1,613,410 
1,640,800 
1, 688, 180 

'  246, 000 
285,000 
330,000 
382,  000 
443,000 
513, 000 

1926 

1927. 

1928 

1929                                                                      

1930 - 

1  The  actual  motor  vehicle  registration  in  1925  was  250,647  vehicles,  varying  from 
the  estimated  registration  by  less  than  2  per  cent. 

By  comparing  the  registration  of  1923  with  the 
estimated  1930  registration,  as  above,  a  factor  of 
increase  is  determined  which  when  applied  to  the 
observed  traffic  of  1923,  assuming  traffic  and  registra- 
tion to  increase  in  the  same  proportion,  indicates  the 
probable  1930  traffic  on  the  principal  roads  as  shown 
in  Figure  6. 

Assuming  no  change  in  the  present  State  highway 
system  between  1923  and  1930,  the  traffic  upon  these 
highways  is  expected  to  be  as  shown.  The  pre- 
dicted density  on  the  present  heavy-traffic  routes 
indicates  the  pressing  need  for  a  comprehensive  im- 
provement program  during  this  period. 

The  Post  Road  may  be  expected  to  carry  a  daily 
average  of  12,700  vehicles  at  the  New  York  line,  and 
an  average  of  approximately  9,000  vehicles  per  day  on 
the  section  between  Greenwich  and  New  Haven;  the 
same  route  from  New  Haven  to  the  Massachusetts  line 
may  be  expected  to  carry  over  6,000  vehicles  per  day 
over  the  greater  part  of  the  route. 

If  the  present  ratio  between  average  traffic  and 
maximum  traffic  continues  until  1930,  approximately 
two  and  one-half  times  the  predicted  average  traffic 
may  be  expected  to  attempt  to  use  these  routes  on  a 
Sunday  during  the  month  of  maximum  traffic. 

The  tremendous  volume  of  traffic  that  may  be 
expected  in  1930  on  the  Post  Road  and  other  heavy- 
traffic  routes  will  require  extensive  enlargements  of 
the  traffic  capacity  of  these  routes  or  the  opening  of 
alternate  routes  in  order  that  adequate  highway 
service  may  be  provided. 

Improvements  on  routes  of  secondary  traffic  im- 
portance will  also  be  required,  particularly  routes  at 
E resent  improved  with  the  lower  types  of  surfaces, 
ut  the  present  heavy-traffic  routes  will  continue  to 
be  the  most  important  problem  in  the  provision  of 
adequate  and  economical  service  to  the  users  of  the 
Connecticut  highway  system. 


ADAPTATION  OF  ATTERBERG  PLASTICITY  TESTS  FOR 

SUBGRADE  SOILS 


Reported  by  A.  M.  WINTERMEYER,  Bureau  of  Public  Roads 


A  NUMBER  of  soil  tests  have  been  investigated 
recently  by  the  Bureau  of  Public  Roads  in  an 
effort  to  develop  a  simple  test  which  would 
indicate  the  effect  of  moisture  on  the  supporting  value 
of  the  soil  or  at  least  that  moisture  content  beyond 
which  a  soil  has  little,  if  any,  definite  supporting  value. 
Among  the  methods  investigated  has  been  the  Atter- 
berg  soil  plasticity  test,  and  the  results  obtained  to 
date  with  this  test  have  been  so  satisfactory  that  it 
has  been  decided  to  employ  it  regularly  in  conjunction 
with  the  other  tests  now  being  used  by  the  bureau  in 
the  surveys  which  are  being  made  to  determine  the 
influence  of  subgrades,  subbases  and  drainage  on  the 
condition  of  pavements.  A  detailed  description  of  the 
procedure  used  in  these  surveys  will  be  given  in  forth- 
coming articles  in  Public  Roads. 

In  the  absence  of  definite  knowledge  as  to  the  specific 
properties  of  soils  which  influence  their  behavior  as 
road  subgrades  it  has  been  assumed  that  volumetric 
changes  and  supporting  value  are  of  prime  importance 
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Fig.  1. — Rubber  Stopper,  Brass  Dish,  Spatula  and  Glass 
Plate  Used  in  Making  Lower  Plastic  Limit  and  Lower 
Liquid  Limit  Tests 

and  the  principal  effort  has  been  directed  toward  the 
development  of  suitable  tests  for  determining  these 
properties,  *an  important  consideration  being  the  adapt- 
ability of  the  tests  to  field  use.  It  is  in  this  respect 
that  the  laboratory  tests  for  bearing  power,  moisture 
equivalent,  and  volumetric  change  have  been  unsatis- 
factory. They  are  not  lacking  in  consistency  of  result 
or  possibility  of  interpretation;  but  they  require  the 
use  of  equipment  and  instruments  which  can  not  be 
employed  under  field  conditions,  and  the  relatively 
long  time  necessary  for  their  performance  also  militates 
against  their  use. 

It  is  these  facts  which  give  importance  to  the  field 
methods  for  determining  moisture  equivalent  and  lineal 
shrinkage  '  recently  developed  by  the  Bureau  of  Public 
Roads  and  lend  interest  to  the  plasticity  test  described 
by  Albert  Atterberg  in  the  International  Reports  on 
Pedology,  1911. 

Although  plasticity  has  been  defined  by  many  au- 
thors, and  is  attributed  by  each  to  various  factors, 
no  authoritative  definition  has  yet  been  given.  We 
may  say  that  a  soil  is  slightly  or  highly  plastic  but 
such  a  characterization  is  vague  in  that  the  degree  of 
plasticity  is  not  definitely  stated.     We  know,  however, 


1  Practical  field  tests  for  subgrade  soils,  by  A.  0.  Rose,  Public  Roads,  vol.  5,  No. 
6,  Aug.  1924. 


that  the  plasticity  of  a  soil  varies  with  the  quantity  of 
water  added,  increasing  with  the  percentage  of  water  up 
to  a  certain  point  beyond  which  any  further  addition  of 
water  reduces  the  plasticity  and  the  soil  assumes  a 
liquid  form.     Passing  over   the  many   factors   winch 


Fig.  2. — Rolling  Phase  op  the  Lower  Plastic  Limit  Test 

contribute  to  the  plasticity  of  a  soil,  its  application  to 
subgrades  concerns  the  two  extreme  points  designated 
as  the  lower  plastic  limit,  or  that  moisture  content  at 
which  the  soil  becomes  plastic,  and  the  lower  liquid 
limit,  or  that  moisture  content  at  which  the  soil  passes 
from  the  plastic  into  the  liquid  state. 


* 


Fig.  3. — End  Point  or  Crumbling  Phase  of  Lower  Plastic 
Limit  Test 

the  atterberg  plasticity  method 

The  apparatus  required  for  the  Atterberg  tests,  as 
made  by  the  Bureau  of  Public  Roads,  includes  a  drying 
oven  such  as  is  usually  found  in  all  laboratories;  a  glass 
plate  or  some  other  smooth  surface  such  as  glazed 
paper  upon  which  to  roll  the  soil;  a  rubber  stopper 
(preferably  No.  12);  a  3-inch  spatula,  and  a  brass  dish 
about  3  inches  in  diameter  and  1  inch  in  depth  as  show  n 
in  Figure  1.  An  evaporating  dish  may  be  used  but 
there  is  always  the  danger  of  breakage  and  painful  cuts 
resulting  from  its  substitution. 

To  determine  the  lower  plastic  limit  a  sample  of  the 
soil,  which  has  been  passed  through  a  10-mesh  or  2-niilli- 
meter  sieve,  is  mixed  with  water  until  it  becomes 
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plastic.  It  is  then  rolled  with  the  palm  of  the  hand  on 
the  glass  plate  or  other  smooth  surface  into  threads  or 
rolls  about  one-eighth  inch  in  diameter  as  shown  in 
Figure  2.  The  threads  thus  formed  are  then  worked 
together  and  again  rolled  out  as  before;  and  this  process 
is  repeated  until  the  soil  crumbles  instead  of  forming  a 
thread,  as  illustrated  by  Figure  3.  When  this  condi- 
tion is  reached  the  moisture  content  of  the  soil  is 
determined  and  expressed  as  a  percentage  of  the  dry 
weight  of  the  soil  which  is  known  as  the  lower  plastic 
limit.  The  limiting  condition  is  very  easily  recognized 
and  no  difficulty  is  experienced  in  closely  checking  the 
results. 

In  order  to  determine  the  lower  liquid  limit  a  small 
quantity  of  soil  is  placed  in  the  brass  dish  and  mixed 


A.— SOIL  SEPARATED    BY  A  DISTANCE    OF  ABOUT   ONE-EIGHTH    INCH    AT 
THE  BOTTOM  OF  THE  DISH   BEFORE  THE  TEST 


ib.— base  of  soil  sections  joined  at  conclusion  of  test 

Fig.  4. — Condition  of  Soil  Sample  Before  and  after  Deter- 
mination of  the  Lower  Liquid  Limit  by  the  Atterberg 
Method 

with  water  until  it  becomes  pasty.  It  is  then  shaped 
into  a  smooth  layer  approximately  three-eighths  inch 
thick  at  the  center,  and  divided  into  two  portions  with 
a  spatula  as  indicated  by  Figure  4,  A,  so  that  the  space 
separating  the  two  portions  at  the  bottom  is  about 
one-eighth  inch.  One  side  of  the  dish  is  then  rapped 
sharply  with  a  glancing  blow  10  times  against  the  rub- 
ber stopper  held  in  one  hand,  after  which  the  other  side 
is  similarly  rapped  the  same  number  of  times,  care 
being  taken  to  make  the  impacts  as  nearly  as  possible 
of  the  same  intensity  and  not  too  vigorous.  The  object 
of  this  procedure  is  to  cause  the  two  portions  of  soil  to 
join  at  the  bottom,  as  shown  in  Figure  4,  B,  and  when 
the  moisture  content  is  just  sufficient  to  cause  such  a 
running  together  with  the  stipulated  amount  of  rapping 
the  lower  liquid  limit  is  said  to  have  been  reached.  The 
appearance  of  the  soil  at  the  beginning  and  the  end  of 
the  test  is  shown  by  Figures  5  and  6,  respectively. 

If  after  the  prescribed  amount  of  rapping  the  two 
portions  of  the  soil  do  not  run  together  and  adhere 
more  water  is  added  and  thoroughly  incorporated  by 
mixing;  the  divided  pat  is  reformed  and  rapped  as 
described;  and  this  entire  process  is  repeated,  adding  a 
little  water  each  time,  until  the  desired  end  is  attained. 
The  moisture  content  of  the  soil  is  then  determined  and 
expressed  as  a  percentage  of  the  dry  weight  of  the  soil 
which  is  the  lower  liquid  limit. 

To  determine  definitely  whether  the  two  portions 
are  actually  joined  the  spatula  may  be  used  to  push 


Fig.  5. — Base  of  Soil  at  Beginning  of  Lower  Liquid  Test 
Separated  by  a  Distance  of  One-eighth  Inch 

one  away  from  the  other.  If  they  separate  along  the 
line  of  division  the  end  has  not  been  reached  and  the 
test  must  be  repeated  with  more  water.  The  water 
should  be  added  a  small  quantity  at  a  time  in  order  to 
avoid  passing  the  critical  point.  If  there  is  reason  to 
believe  that  too  much  water  has  been  added  dry  soil 
instead  of  water  may  be  added  until  the  proper  end 
point  has  been  reached. 

The  operator  will  soon  learn  to  recognize  the  approach 
of  the  lower  liquid  limit  by  the  ease  with  which  the 
spatula  will  cut  through  the  pat.  This  observation 
will  serve  as  a  guide  and  a  warning  that  the  desired  end 
has  been  nearly  reached  and  that  any  further  water 
required  must  be  added  in  very  small  quantities,  pre- 
ferably only  a  drop  at  a  time. 


Fig.  6. — Condition  of  Soil  at  the  Lower  Liquid  Limit. 
Two  Portions  of  Soil  Run  Together  and  Adhere  at 
Bottom 


August,  19l'G 


PUBLIC   ROADS 


121 


TESTS    OF  SANDY   SOILS    MOST   DIFFICULT 

The  testing  of  sandy  soils  is  more  difficult  and  re- 
quires greater  skill  than  the  clay  soils,  and  certain 
changes  in  the  procedure  described  above  are  desirable. 
If  the  soil  is  friable  or  granular  it  is  not  advisable  to 
strike  the  dish  a  glancing  blow  at  the  side.  Instead  it 
should  be  struck  perpendicularly  at  the  bottom.  Soils 
of  this  class  do  not  adhere  firmly  to  the  dish,  and  when 
struck  at  the  side  both  portions  will  slip. 

In  conducting  both  tests  certain  precautions  must 
be  taken;  otherwise  close  checks  can  not  be  expected. 
It  is  necessary  that  the  soil  and  water  be  thoroughly 
mixed,  especially  in  determining  the  lower  liquid  limit. 
It  is  extremely  difficult  to  effect  a  uniform  distribution 
of  moisture  in  clay  soils,  and  these  must  be  worked 
until  the  consistency  of  the  soil  appears  the  same 
throughout.  Here  the  sense  of  feeling  must  be  the 
guide.  The  author  has  made  several  moisture  de- 
terminations on  different  parts  of  a  pal  of  heavy  clay 
soil  which  appeared  to  be  mixed  thoroughly,  yet  showed 
a  variation  nearly  as  high  as  2  per  cent. 

The  compacting  of  the  soil  in  the  dish  is  another 
important  factor.  It  is  not  possible  to  define  exactly 
the  pressure  that  should  be  exerted  with  the  spatula 
when  pressing  and  shaping  the  pat.  It  should  be  just 
great  enough  to  form  the  soil  into  a  compact  mass,  and 
this  pressure  should  be  approximately  the  same  on  all 
soils  tested.  The  necessity  for  this  is  obvious.  It  can 
be  readily  seen  that  a  soil  differently  compacted  will 
require  different  moisture  contents  to  reach  the  lower 
liquid  limit  and  the  results  will  therefore  differ  widely. 
Recognizing  the  end  point  seems  to  be  the  most  diffi- 
cult problem,  but  experience  makes  it  possible  for  in- 
dependent operators  to  check  within  very  close  limits. 

In  determining  the  lower  liquid  limit  two  methods 
may  be  used.  Plastic  soils  may  be  worked  from  the 
plastic  up  to  the  liquid  state  or  back  to  the  lower  liquid 
limit  from  the  fluid  state.  Friable  soils  may  be  work- 
ed from  the  semi  solid  state  to  the.  lower  liquid  limit 
or  back  to  the  lower  liquid  limit  from  the  fluid  state. 
It  is  easier  to  work  from  the  fluid  state  down  to  the 
lower  liquid  limit,  but  there  is  the  disadvantage  of 
handling  and  mixing  greater  quantities  of  soil,  and  as 
a  rule  the  end  point  is  passed  and  more  water  must  be 
added  to  reach  the  end  point. 

THE    MEANING    OF   THE   PLASTIC    RANGE 

The  difference  between  the  lower  plastic  limit  and 
the  lower  liquid  limit,  as  determined  by  these  tests,  is 
what  is  called  the  coefficient  of  plasticity  or  plastic 
range  of  the  soil,  and  the  greater  this  range  the  more 
plastic  is  the  soil.  The  difference  between  the  two  per- 
centages expresses  the  range  of  moisture  content  within 
which  the  soil  is  in  a  plastic  state. 

Soils  may  be  divided  into  two  classes  designated  as 
plastic  and  friable,  and  the  degree  of  plasticity  or 
friability  is  indicated  by  the  plastic  range,  the  greater 
ranges  indicating  the  more  plastic  soils.  As  we  add 
water  in  increasing  quantities  to  a  plastic  soil  it  passes 
from  the  solid  or  semisolid  state  into  the  plastic;  state 
and  then  into  the  liquid  state.  The  friable  soils,  on 
the  other  hand,  pass  directly  from  the  solid  to  the 
liquid  state.  The  coefficient  of  plasticity  or  plastic 
range  of  plastic  soils  may  vary  from  less  than  2  in  the 
more  sandy  or  silty  soils  to  as  high  as  35  or  more  in 
the  heavier  clays;  while  that  of  the  friable  soils  is  zero, 
i.  e.,  they  have   no  plastic  range. 


The  silty  friable  soils  differ  from  the  sandy  friable 
soils  in  that  they  require  a  greater  percentage  of 
moisture  before  they  reach  the  point  of  transition  to 
the  liquid  state.  Quite  frequently  soils  are  encoun- 
tered that  appear  sandy  yet  have  a  high  plastic  range. 

f  SOLID  STATE 


PLASTIC  SOILS 


LOWER  PLASTIC  LIMIT 
PLASTIC  STATE 

LOWER  LIQUID  LIMIT 
LIQUID  STATE 


PLASTIC  RANGE 
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FRIABLE  SOILS 


LOWER  LIQUID  LIMIT 


LIQUID  LIMIT 


Fig.  7. — Plastic  Soils  Have  a  Plastic  Range  Extending 
from  the  Lower  Plastic  Limit  to  the  Lower  Liquid 
Limit.     Friable  Soils  Have  only  a  Lower  Liquid  Limit 

According  to  Kinnison  2  the  shape  of  the  sand  particles 
lias  a  much  greater  influence  on  the  plasticity  than  the 
size,  and  this  observation  may  explain  such  apparently 
anomalous  cases.  The  different  transition  si  ages  which 
distinguish  the  plastic  from  the  friable  soils  ate  shown 
diagrammatically  in  Figure  7. 

Table    1. — Original  and  cluck  results  of  the  plasticity  tests  mi 
plastic  soils  /"/  mi  experienced  operator 


Soil 

•  sample 

number 

Lou  a  plastic  limit 

Lower  liquid  limit 

State 

First 

Second 

lest 

test 

Second 
test 

Minnesota         .    -.    -  -. 

1003 
1711 
1 159 
1838 
1835 
1841 
1833 
1X32 
1 28 1 
1282 
1987 
1837 
1650 
1283 
[696 
1619 
L699 
[686 
1273 

I. I!IS 

1271 
[276 

! 

15.7 
IS.  9 

19.  S 

20.  6 
21.3 

22.  8 

23.  5 
27).  0 

26.  3 
2(1.  0 

27.  5 

29.  1 

30.  2 
32.  3 

32.  5 
27.  3 

33.  3 
37..  0 
30.  7, 

36.  2 

11.  2 
43.5 

15.5 

is.  1 
21.2 

20.  0 

22.  9 

23.  0 
2.1.  1 
20.  1 
27.7 
2i    8 
29.  0 
29  5 
29.  2 

32.  1 

33.  1 
33.  ■! 

35.  7 

36.  1 
12  x 
43.5 

PCI    C<  rl 

17.  1 
22.  3 
22.  9 
22.  9 

27.2 
30.  6 
31.2 
17.  2 

49.  0 
10.  1 
34.  0 
44.  5 
7)0.  S 

50.  7 
68.0 

58.  0 
53.  7 
OX.  0 
60.  1 

57.X 

I'll  Ci  III 

17.0 

\i :n  .  land       --. 

22.  1 

i ihio               .  .  .  

22.  X 

2:;.  2 

I'm 

25.  7 

Do 

27.  1 

Do 

30.  x 

Do 

31.3 

45.  3 

Do                       

[9  0 

in.  x 

Do 

Do                           .-  

11.  X 

51.3 

Texas 

53.  3 

50.  7 

Texas                        - 

07.  X 

Do                  

55.  4 

07.X 

00.  9 

Do                      

57.8 

CONSISTENCY  OF  TEST  RESULTS  PROVED  BY  BUREAU  EXPERIENCE 

The   experience  of   the   bureau   with   the   Atterberg 
tests  indicates  that   an  experienced   operator  maki 

duplicate  tests  may  he  expected  to  check  his  results  very 
closely.  This  is  shown  by  the  check  results,  represen- 
tative of  over  oOO  soils  tested  to  date,  given,  for  the 
plastic  soils  in  Table  1,  and,  for  the  triable  soils,  in 
Table  2.  The  proximity  of  all  points  in  Figures  8, 
A  and  />',  further  emphasizes  the  consistent  agreement 

2  i  study  of  the  Uterberg  Plasticity  Method,        <  '        -    Kinnison,  Bureau  of 
mis',  Technologic  Paper  No.  46,  May  25,  1915. 
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between  duplicate  tests.  Those  curves  illustrate  the 
consistency  of  the  tests  in  the  hands  of  experienced 
operators. 

In  order  to  ascertain  the  maximum  variation  that 
may  be  expected  two  series  of  tests  have  been  made  on 
the  same  soils  at  different  times  and  with  different 
operators,  one  experienced  and  the  other  inexperi- 
enced. 

'Table  2. — Original  and  check   results  of  the   plasticity  tests  on 
friable  soils  by  an  experienced  operator 


Soil 
sample 
number 

Lower  liquid  limit 

State 

First 

test 

Second 
test 

1563 
1766 

1763 
1762 

1783 
1774 
1772 
1784 
1856 
1769 
1874 
1776 
37 
1915 
1442 
1649 

I'll    CI  111 

15.3 
16.6 
18.0 
19.8 
20.5 
20.3 
22.4 
23.6 
23.8 
24.8 
27.8 
30.7 
32.  1 
37.1 
41.2 
44.9 

Per  cent 
14.4 

16.2 

Do.                                                      

18.5 

Do....                     

19.0 

Do                                                              .     

20.3 

Do.                                                                

21.4 

Do..  .                                   

22.4 

Do.                                        

23.3 

Do...                                                  

23.8 

Do                                                      

24.6 

Do                                                                   

27.7 

1  10                                                                                       

31.  6 

Minnesota _.  .  ...   ..   

31.9 

Virginia _ _  ..  

37.1 

Do... 

43.4 

Do.. 

45.  0 

Table  3. — Original  and  check   results  of  the  plasticity  tests  made 
by  different  operators  and  at  different  times 


State 


Virginia 

Do. 

Do. 

Do 

Do 

Do... 

Do.. 

Do... 

Colorado  ... 

Virginia 

Colorado 

Do 

Do 

Do 

Do 

Do 

Illinois 

Colorado 

Ohio 

Colorado 

Utah 

Colorado 

Utah. 

Do 

Nevada 

South  Dakota. 

Nevada.. 

Utah 

Do 

Do 

South  Dakota 

Do. 

Louisiana 

South  Dakota 

Minnesota 

South  Dakota 
Do 


Soil 
sample 
number 


504 
499 
492 
502 
500 
496 
489 
186 
1632 
507 
1630 
1631 
1626 
1627 
1628 
1625 
1611 
1624 
1272 
1622 
763 
1623 
758 
759 
760 
1281 
761 
756 
762 
757 
1283 
1277 
1177 
1273 
924 
1274 
1276 


Lower  plastic  limit 


First 
test 


Per  cent 
11.7 
12.2 


12.8 
12.  1 
13.3 
12.7 
15.1 
15.9 
17.5 
14.2 
14.3 


17.2 
15.7 
17.3 
22.7 
21.2 
21.5 
18.8 
20  O 


23.  9 
23.5 
26.3 
26.4 
28.0 
25.  1 
24.2 
24.7 
30.8 
36.  1 
25.3 
34.2 
28.  1 
43.5 


Second 
test 


Per  cent 
13.0 
13.6 


15.8 
12.4 
15.5 
14.2 
19.0 
17.  5 
16.8 
14.0 
21.3 


14.8 
14.0 
15.5 
23.2 
19.6 
21.8 
17.9 
24.3 


26.2 
24.0 
25.5 
27.3 
30.2 
27.5 
24.9 
25.0 
23.  I 
33.0 
21.4 
31.2 
28.1 
44.  2 
41.7 


Results  of  these  check  tests  for  a  wide  range  of  soils, 
from  different  States,  are  shown  in  Table  3  and  by 
the  curve  in  Figure  8,  C.  These  data  indicate  the 
degree  of  accuracy  which  might  be  obtained  in  tests 
of  the  same  soil  types  when  carried  on  in  different 
laboratories  and  by  different  operators.  Although  the 
agreement  between  the  first  and  second  tests  might 
not  be  as  close  as  some  would  expect,  it  is  probable 


that  the  agreement  is  closer  than  would  be  expected 
from  tests  of  other  engineering  materials  (such  as 
cement  or  concrete)  carried  on  in  a  similar  manner. 
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BY  INEXPERIENCED  OPERATORS 

Comparison  of  Check  Tests,  Using  the  Atterbehg 
Method,  by  the  Bureau  of  Public  Roads 


FIFTH  INTERNATIONAL  ROAD   CONGRESS  OPENS  AT 

MILAN,  ITALY 


UNITED  STATES  SENDS  OFFICIAL  DELEGATES 


AT  THE  FIFTH  International  Road  Congress, 
which  opens  at  Milan,  Italy,  on  September  6, 
the  United  States  will  be  represented  for  the 
first  time  by  official  delegates.  Acceptance  of  mem- 
bership in  the  Permanent  Association  of  International 
Road  Congresses  and  authorization  for  the  appropria- 
tion of  expenses  of  delegates  to  the  current  meeting  was 
provided  by  Congress  during  the  closing  days  of  the 
last  session  in  Senate  Joint  Resolution  62,  which  was 
signed  by  the  President  on  June  18. 

Acting  on  the  joint  recommendation  of  the  Secre- 
taries of  State,  Agriculture,  and  Commerce,  the  Presi- 
dent has  appointed  as  official  delegates  to  the  Con- 
gress: Thomas  H.  MacDonald,  chief  United  States 
Bureau  of  Public  Roads;  Paul  D.  Sargent,  chief 
engineer  State  Highway  Commission  of  Maine;  John 
N.  Mackall,  chairman  State  Roads  Commission  of 
Maryland;  H.  H.  Rice,  vice  president  General  Motors 
Corporation;  Geo.  Pyke  Johnson,  National  Automobile 
Chamber  of  Commerce;  H.  C.  MacLean,  commercial 
attache,  Department  of  Commerce  at  Rome;  and  H. 
II.  Kelly,  assistant  trade  commissioner,  Department  of 
( Jommerce  at  Paris. 

The  delegation  will  sail  from  New  York  on  the 
steamship  President  Harding  leaving  August  25  and 
will  arrive  at  Milan  in  time  to  take  part  in  all  meetings 
of  the  Congress  which  will  be  opened  on  September  6 
and  continue  at  Milan  for  six  days,  closing  in  Rome  on 
the  following  day,  September  13. 

Simultaneously  with  the  congress  an  international 
road  exhibition  will  be  held,  under  the  patronage  of 
the  Communal  and  Provincial  Administrations  and 
the  Chamber  of  Commerce  of  Milan,  in  the  Fiera  Cam- 
pionaria.  The  exhibition  will  open  on  the  1st  and  con- 
tinue until  the  20th  of  September. 

PROGRAM  OF  THE  CONGRESS 

The  following  program  of  the  congress  has  been 
announced  in  circulars  just  received  in  the  United 
States: 

Monday,  September  6. 

Morning:  9   a.   m. — Meeting  of  the   International   Perma- 
nent Commission   (Castello  Sforzesco).     Opening  of  the 
offices   for    distribution   of   membership   cards,  etc.   (Pal- 
ace of  Facolta  Giuridica,  Via  S.  Michele  del  Carso  N.  25). 
10.30   a.    m. — Official   sitting   of   the   congress    (Castello 
Sforzesco) . 
Afternoon:  2  p.  m. — Sitting  of  the  sections. 
Evening:  Receptions. 
Tuesday,  September  7. 

Morning:  9  a.  m. — Sitting  of  the  sections. 
Afternoon:  2  p.  m. — Sitting  of  the  sections. 

4  p.  m. — Visit  to  the  exhibition  and  reception. 
Wednesday,  September  8. 

Morning:  9  a.  m. — Sitting  of  the  sections. 
Afternoon:  2  p.  m. — Sitting  of  the  sections. 
4  p.  m. — Visits. 
Thursday,  September  9. 

Visit  to  the   Autodromo   at   Monza  and  the   Autostrade. 

Milan  Lakes. 
Lunch  at  Varese  at  the  invitation  of  Ing.   Gr.   Uff.  Piero 
Puricclli. 
Friday,  September  10. 

Morning:   11  a.  m. — Sitting  of  the  sections,  with  a  view  to 

arriving  at  conclusions. 
Afternoon:  Visits  or  receptions. 


excursions 

Saturday,  September  11. 

Group  a.— To  Lake  Maggiore;    return  to   Milan  the  same 

evening. 
Group  b. — To  Lake  Como;   return  to  Milan  the  same  even- 
ing. 
Saturday  and  Sunday,  September  11  and  12. 

Group  c. — Milan,  Tirano,  Stelvio,  Merano,  Trento. 
Group  d.— -Milan,  Tirano,  Aprica,  Tonale,  Trento. 
Monday,  September  13. 

3  p.m.:  Official  closing  of  the  congress  in  Rome  and  official 
reception  in  the  Campidoglio. 
Tuesday,  September  14. 

9  a.  m.:  Archeological  excursion. 

SUBJECTS  TO  BE  DISCUSSED 

The  program  of  subjects  to  be  discussed  by  the  con- 
gress, the  names  of  the  speakers  for  each  subject,  and 
the  general  speakers  on  each  question  are  as  follows: 

first  section 

CONSTRUCTION  AND  UPKEEP 

First  Question,  Concrete  Roads 

Belgium. — (In  collaboration):  Messrs.  E.  Piens,  chief  engineer 
of  bridges  and  roads,  33  Square  Gutenberg,  Brussels;  Luyssen, 
engineer  of  bridges  and  roads,  33  Square  Gutenberg,  Brussels 

Denmark. — M.  S.  Ellert,  chief  engineer  of  bridges  and  roads  of 
the  county  of  Holback,  Holback. 

United  States. — (In  collaboration) :  Messrs.  Clifford  Older, 
M.  Am.  Soc.  C.  E.,  consulting  engineer,  1739  Marquette  Build- 
ing, Chicago,  111.;  J.  Shirley  Bright,  M.  Am.  Soc.  C.  E.,  con- 
struction engineer,  U.  S.  Bureau  of  Public  Roads,  San  Fran- 
cisco, Calif.;  Raymond  W.  Coburn,  construction  engineer,  State 
Highway  Department,  Boston,  Mass.;  Charles  R.  Ege,  Assoc. 
M.  Am.  Soc.  C.  E.,  manager  highways  bureau,  Portland  Cement 
Association,  Chicago,  111.;  Herbert  J.  Knelling,  Assoc.  M.  Am. 
Soc.  C.  E.,  construction  engineer,  State  Highway  Department, 
Madison,  Wis.;  Robert  M.  Morton,  Assoc.  M.  Am. Soc.  C.  E.,  State 
highway  engineer,  Sacramento,  Calif.;  Frank  T.  Sheets,  M.  Am. 
Soc.  C.  E.,  chief  highway  engineer,  State  Department  of  Public 
Works  and  Buildings  Division  of  Highways,  Springfield,  111.; 
Leroy  C.  Smith,  Assoc.  M.  Am.  Soc.  C.  E.,  chief  engineer, 
Wayne  County  Highway  Commission,  Detroit,  Mich.;  Charles 
M.  Upham,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  chief  engineer, 
State  Highway  Department,  Raleigh,  N.  C. 

France. — Monsieur  Feret,  chief  of  the  bridges  and  roads  labo- 
ratory, Boulogne-sur-Mer. 

Great  Britain. — (In  collaboration):  A  Harrison,  esq.,  M.  Inst. 
C.  E.,  borough  engineer  and  surveyor,  Southwark,  London  S.  E  ; 
J.  B.  L.  Meek,  Esq.,  M.  Inst.  C.  E.,  city  engineer,  Manchester; 
Richmond,  esq.,  C.  M.  G.,  A.  M.,  Inst.  C.  E.,  divisional  road 
engineer,  Ministry  of  Transport,  London;  W.  P.  Robinson,  esq., 
county  surveyor,  Surrey  County  Council. 

Italy. — M.  Franklin  Colamonico,  inspecteur  superieur  du  genie 
civil,  Ministry  of  Public  Works,  Rome. 

Sweden. — Mr.  Paul  E.  Wretlind,  engineer  of  roads  and  bridges. 
director  of  the  Limited  Company  "  Wagforbattringer,"  Blasie- 
holmsgatan,  3,  Stockholm. 

Low  countries. — Dr.  L.  R.  Wentholt,  chief  engineer  ol  the 
Rijkswaterstaat  (bridges  and  roads),  Marienburg,  No.  80, 
Nimegue. 

Second    Question,  Roads     Using     Bitumen     and     Asphalt 

Belgium. — Mr.  Van  Moere,  chief  engineer  of  roads  and 
bridges,  1,  rue  Blondeau,  Naniur. 

United  States.— (In  collaboration):  Messrs.  Charles  S.  Pope, 
M.  Am.  Soc.  C.  E.,  chief  construction  engineer,  Stall-  highway 
department,  Sacramento,  Calif.;  P.  Keith  Compton,  M.  \m. 
Soc.  |'C.  E.,  director  of  public  works,  Richmond,  Ya. ;   W  .  1 1 
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Fulweiler,  M.  Am.  Soc.  T.  M.,  chemical  engineer,  United  Gas 
Improvement  Co.,  Philadelphia,  Pa.;  Christian  P.  Jensen,  M. 
Am.  Soc.  C.  E.,  county  surveyor,  Fresno,  Calif.;  William  H. 
Kershaw,  Assoc.  M.  Am.  Soc.  C.  E.,  manager  the  asphalt  de- 
partment, the  Texas  Co.,  Whitehall  Building,  New  York  City; 
Ralph  E.  Myers,  M.  Am.  Soc.  T.  M.,  chemist  New  York  State 
Highway  Department,  Albany,  N.  Y.;  Philip  P.  Sharpies,  M. 
Am.  Soc.  T.  M.,  consulting  highway  engineer,  Redondo  Beach, 
Calif.;  Henry  G.  Shirley,  M.  Am.  Soc.  C.  E.,  chairman  State 
Highway  Commission,  Richmond,  Va.;  Francis  P.  Smith,  M. 
Am.  Soc.  C.  E.,  consulting  highway  engineer,  130  East  Twenty- 
third  Street,  New  York  Citj 

France. — (In  collaboration) :  Messrs.  Chauve,  chief  engineer 
of  roads  and  bridges,  Nice;  Felix,  engineer  of  roads  and  bridges, 
Versailles. 

Great  Britain. — W.  J.  Hadfield,  esq.,  M.  Inst.  C.  E.,  city  sur- 
veyor, Sheffield. 

Italy.  -(In  collaboration):  Messrs.  Giuseppe  Sdralevich, 
chief  engineer  of  the  Technical  Bureau  of  the  Province  of  Milan; 
1  fgo  Conte,  Technical  Bureau  of  the  Rome  Municipality. 

Sir,  tlrn. — Mr.  M.  K.  Joseph  Gednt,  engineer  of  roads  and 
bridges,  chief  engineer  of  the  "Nya  Asfaltakiebolaget,"  Ror- 
strandsgatan,  3,  Stockholm. 

Low  Countries. — Mr.  M.  B.  J.  Kerkof,  member  of  the  board 
of  undertakings  for  the  construction  of  modern  routes,  Blithoven 
(near  Utrecht). 

Switzerland.  (In  collaboration):  Messrs.  R.  Schlaepfer,  can- 
tonal engineer,  Herisau;  Dr.  P.  Schlaepfer,  professor  at  the 
Federal   Polytechnic   School,   Zurich. 

Third  Question.  Standardization  of  Trials  for  Acceptance 
of  Materials  for  Roads 

I  )<  a  mini;. —  Mr.  M.  H.  Rygner,  chief  engineer  of  the  town  of 
Odense,  <  (dense. 

United  States.— (In  collaboration):  Messrs.  Albert  T.  Gold- 
beck,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  chief  division  of  tests, 
U.  S.  Bureau  of  Public  Roads,  Washington,  D.  G;  Duff  A. 
Abrams,  M.  Am.  Soc.  C.  E.,  engineer  of  materials  research 
laboratory,  Lewis  Institute,  Chicago,  111.;  Harold  F.  Clcmmer, 
Assoc.  M.  Am.  Soc.  G  E.,  engineer  of  materials,  State  Highway 
Department,  Springfield,  111.;  Provost  Hubbard,  M.  Am.  Soc. 
T.  M.,  chemical  engineer,  the  Asphalt  Association,  25  West 
Forty-third  Street,  New  York  City;  Claude  L.  McKesson, 
Assoc.  M.  Am.  Soc.  C.  E.,  research  engineer,  California  Highway 
Commission,  Sacramento,  Calif.;  Horatio  S.  Mattimore,  Assoc. 
M.  Am.  Soc.  C.  E.,  engineer  of  tests,  State  Highway  Department, 
Harrisburg,  Pa. 

France. — (In  collaboration):  Messrs.  Bouteville,  engineer  of 
bridges  and  roads,  attached  to  the  chief  of  the  technical  service 
of  public  ways  and  the  lighting  of  the  town  of  Paris,  34  Avenue 
Rollin,  Paris;  Vanneufville,  engineer  of  bridges  and  roads,  98 
Quai  de  la  Rupee,  Paris. 

Great   Britain— M.    W.   J.   Taylor,   Esq.,   0.   B.   E.,    M.   Inst. 

C.  E.,  county  surveyor,  Southampton  County  Council. 

Italy. — Mr.  Luigi  Torri,  of  the  Technical  Bureau  of  the  Milan 
Municipality. 

Monaco. — Dr.  Guglielminetti,  member  of  the  Permanent 
International  Commission  of  the  Road  Congress,   Paris. 

Switzerland. — (In  collaboration):  Messrs.  R.  Schlaepfer,  can- 
tonal engineer,  Herisau;  Dr.  P.  Schlaepfer,  professor  at  the 
Federal  Polytechnic  School  at  Zurich. 

Czechoslovakia. — M.  Karel  Spacek,  engineer  and  professor  at 
the  Technical  High  School  of  Prague,"  Prague-Smichowulice 
Pavla  Svandy,  No.  7  n. 

SECOND    SECTION 

CIRCULATION    AND    WORKING 

Fourth  Question.  Census  of  Circulation 

United  Stairs. — (In  collaboration):  Messrs.  Henrv  R.  Trum- 
bower,  economist,  U.  S.   Bureau  of  Public  Roads,  Washington, 

D.  G;  Thomas  R.  Agg,  M.  Am.  Soc  <\  E.,  professor  of  high- 
way economies,  Iowa  State  College,  Ames,  Iowa;  J.  Rowland 
Bibbins,  consultant  in  transportation,  Cosmos  Club,  Washing- 
ton, D.  G;   Arthur  EL  Blanchard,  M.  Am.  Soc.  C.  E.,  professor 


City;  Laurence  I.  Ilewes,  Ph.  D.,  M.  Am.  Soc.  G  E  deputy 
chief  engineer,  V.  S.  Bureau  of  Public  Roads,  San  Francisco 
Calif.;  .(oh,,  \.  Mackall,  M.  Am.  Soc.  C.  E.,  chairman  and 
chief     engineer,     Slat.'     Roads    Commission,    Baltimore,    Md.; 


William  A.  Van  Duzer,  M.  Am.  Soc.  C.  E.,  equipment  and 
transport  engineer,  State  Highway  Department,  Harrisburg,  Pa. 

France. — Mr.  Delemer  Leon,  chief  engineer  of  bridges  and 
roads,  secretary  of  the  first  section  of  the  Board  of  Bridges  and 
Roads,  Ministry  of  Public  Works,  Paris. 

Crcat  Britain. — G  H.  Bressey,  Esq.,  C.  B.  E.,  F.  S.  I.,  chief 
engineer,  Roads  Department,  Ministry  of  Transport,  London. 

Italy. — (In  collaboration) :  Messrs.  Ugo  Cantalamessa,  chief 
engineer  of  the  Technical  Bureau  of  the  Province  of  Rome; 
Antonio  Albertini,  chief  engineer  of  the  Technical  Bureau  of  the 
Province  of  Modena;  Pietro  Remondini,  chief  engineer  of  the 
Technical  Bureau  of  the  Province  of  Ravenna. 

Low  Countries. — (In  collaboration):  Messrs.  G.  J.  Van  den 
Broek,  chief  engineer  of  the  "  Rykswaterstaat,"  Surinamestraat, 
No.  1,  The  Hague;  Dr.  J.  H.  Van  Zanten,  municipal  admin- 
istrator of  the  town  of  Amsterdam,  Statistics  Office,  Hotel  dc 
Ville. 

Sweden.  -Mr.  Per  Gustav  Blidberg,  lieutenant  au  Corps 
des  Pouts  et  Chaussees,  Marten  Krakowsgatan,   5  Gothenburg. 

Switzerland. — Mr.  A.  Altweg,  cantonal  engineer,  St.  Gallen. 

Czechoslovakia. — Mr.  Antonin  Hlousek,  engineer  and  chief 
adviser  at  the  Ministry  of  Public  Works,  Libenskaulice,  No.  453, 
Prague  VII. 

Fifth  Question.   Development  and  Organization  of  Towns 
in  the  Interest  of  Traffic 

Belgium. — (In  collaboration):  Messrs.  Maertcns,  managing 
director  of  the  department  of  municipal  thoroughfares,  Agri- 
cultural Ministry  and  Public  Works,  3  rue  du  Meridien,  Brus- 
sels; Mullis,  architectural  engineer,  chief  of  the  bureau,  depart- 
ment, of  municipal  thoroughfares,  Agricultural  Ministry,  3  rue 
du  Meridien,  Brussels;  Luyssen,  engineer  of  bridges  and  roads, 
33  Square  Gutenberg,  Brussels;  E.  d'Hoop,  engineer,  director 
of  the  technical  department  of  the  Brussels  Tramways  Co.,  15 
Avenue  dc  la  Toison-d'Or,  Brussels. 

Brazil. — (In  collaboration):  Messrs.  Da  Silva  Freire, 
director  of  public  works,  Sao  Paulo;  J.  Da  Costa  Ferreira, 
assistant  director  of  the  public  ways,  Municipal  Prefecture, 
Rua  D.  Anna,  26  Rio  de  Janeiro. 

United  States. — (In  collaboration):  Messrs.  Frederick  L. 
Olmstead,  landscape  architect,  member  advisory  committee  on 
physical  survey  of  regional  plan  of  New  York  City  and  its 
environs,  Brookline,  Mass.;  Charles  B.  Ball,  M.  Am.  Soc. 
C.  E.,  chief  sanitary  inspector,  Department  of  Health,  Chicago, 
111.;  Harland  Bartholomew,  M.  Am.  Soc.  C.  E.,  engineer,  Citj 
Planning  Commission,  St.  Louis,  Mo.;  Frederic  A.  Delano, 
Hibbs  Building,  Washington,  D'.  C;  Frederic  H.  Fay,  M.  Am. 
Soc.  C.  E.,  chairman  Planning  Board  of  the  City  of  Boston, 
200  Devonshire  Street,  Boston,  Mass.;  Morris  Knowles,  M. 
Am.  Soc.  C.  E.,  consulting  engineer,  Pittsburgh,  Pa.;  Arthur  A. 
Shurtleff,  consultant,  Metropolitan  Planning  Division,  Com- 
monwealth of  Massachusetts  and  Boston  Park  Department, 
Boston,  Mass.;  Arthur  S.  Tuttle,  M.  Am.  Soc.  C.  E.,  chief 
engineer,  Board  of  Estimate  and  Apportionment,  New  York 
City;  George  S.  Webster,  M.  Am.  Soc.  C.  E.,  consulting 
engineer,  816  Widener  Building,  Philadelphia,  Pa.;  E.  P.  Good- 
rich, 15  Park  Row,  New  York  City. 

France. — Mr.  Massard,  president  of  the  second  commission 
of  the  Municipal  Board  of  Paris. 

Great  Britain. —  (In  collaboration):  Chief  Constable  A.  Bas- 
som,  0\  B.  E.,  New  Scotland  Yard,  London;  J.  L.  D.  Elliot, 
Esq.,  G  B.,  New  Scotland  Yard,  London;  H.  Vaughan  Lan- 
chester,  Esq.,  F.  R.  I.  B.  A.,  19,  Bedford  Square,  London  W.  C.  1; 
G.  L.  Pepler,  Esq.,  Ministry  of  Health,  London. 

Italy. — (In  collaboration):  Messrs.  Massimo  Settimi,  Tech- 
nical Bureau  of  the  Rome  Municipality;  Tognetti,  chief  engineer 
at  the  Technical  Bureau  of  the  Municipality  of  Florence. 

Low  Countries. — (In  collaboration):  Messrs.  L.  N.  Holsboer, 
director  of  public  works  of  the  town  of  Utrecht,  2  Nieuwe 
Graht,  Utrecht;  A.  H.  Sirks,  chief  of  the  municipal  police  of  the 
town  of  Rotterdam,  Central  Police  Bureau,  Rotterdam. 

Sweden. — Mr.  Carl  Gustav  Bergman,  captain  of  Bridges  and 
Roads  Corps,  Riddarhustorget,  8  Stockholm. 

Switzerland. — Mr.  E.  Bosshard,  municipal  engineer  of  the 
town  of  Zurich. 

Czechoslovakia-  Mr.  Posef  Prada,  chief  adviser  of  the  Police 
Board  at  Prague,  Krokivaulice,  No.  6,  Prague  Smichov. 

Sixth  Question.   Roads  Specially  Reserved  for  Motor  Cars 

Belgium. — (In  collaboration):   Messrs.  Cauterman,  chief  engi- 
neer  of    the    Technical    Department   of   the    Province    of    East 
Flanders,  Client;  M.  De  Graer,  engineer  of  the  Technical  Depart- 
ment of  the  Province  of  West  Flanders,  Furnes. 
(Continued  on  p.  127) 


PROCEEDINGS  OF  HIGHWAY  RESEARCH  BOARD 

Reviewed  by  R.  E.  ROYALL,  Assistant  Highway  Engineer,  Bureau  of  Public  Roads 


THE  widespread  interest  in  highway  research  and 
the  many  problems  involved  which  call  for 
specialization  in  numerous  lines,  some  related 
and  some  entirely  dissimilar,  are  illustrated  by  the 
Proceedings  of  the  Fifth  Annual  Meeting  of  the  High- 
way Research  Board  of  the  National  Research  Council 
which  has  recently  been  issued.  A  glance  through 
this  publication  shows  that  many  agencies  including 
the  Federal  and  State  Governments,  and  engineering 
and  economic  departments  of  universities  and  colleges 
are  working  on  the  various  problems.  The  proceedings 
have  been  issued  in  two  parts:  Pari  1  containing  reports 
of  the  special  committees;  and  Part  II  which  is  a  report 
of  the  investigation  of  the  economic  value  of  reinforce- 
ment in  concrete  roads  by  C.  A.  Hogentogler. 

FACTORS    AFFECTING    COST    OF    VEHICLE    OPERATION 
INVESTIGATED 

The  report  of  the  committee  on  economic  theory  of 
highway  improvement  contains  a  resume  of  tests  made 
to  determine  motor-vehicle  wind  resistance,  tire  wear, 
and  gasoline  consumption.  Wind  resistance  measure- 
ments were  made  in  a  special  wind  tunnel  at  Man- 
hattan, Kans.,  by  L.  E.  Conrad.  He  finds  that  the 
equation  for  the  wind  resistance  per  square  foot  of 
projected  area  averaged  for  14  makes  of  cars  is, 
P  =  0.00149  V  2'14,  where  P  is  the  pressure  per  square 
foot  in  pounds  and   V  is  the  speed  in  miles  per  hour. 

Investigations  of  tire  wear  have  been  conducted  at 
the  University  of  Kansas  by  W.  C.  McNown  and  at 
the  State  College  of  Washington  by  H.  J.  Dana.  In 
the  former  experiment  a  passenger  car  was  operated 
over  various  types  of  surface  at  a  speed  of  approxi- 
mately 25  miles  per  hour  and  the  loss  in  tire  weight 
owing  to  wear  was  determined.  The  wear  indices 
reported  were  as  follows:  Concrete  and  brick  1.0, 
Iowa  gravel  2.2,  chert  gravel  7.3,  and  bituminous 
macadam  (unsealed)  10.6. 

In  the  tests  at  the  State  College  of  Washington,  the 
tire  wear  in  pounds  per  thousand  miles  was  found  to 
vary  from  0.0477  for  a  light  car  to  0.1183  for  a  heavy 
car,  on  concrete  and  bituminous  surfaces.  For  the 
light  car  on  crushed  basalt  macadam  the  wear  was 
0.2972,  whereas  for  the  heavy  car  on  water-worn  gravel 
the  wear  was  0.6250. 

The  report  on  gasoline-consumption  tests  by  Maj. 
Mark  L.  Ireland,  of  the  Quartermaster  Corps,  shows 
rates  of  consumption  under  various  conditions  ranging 
from  6.7  to  17.7  miles  per  gallon  for  passenger  cars  and 
from  2.67  to  7.3  miles  per  gallon  for  trucks. 

STRUCTURAL   DESIGN    OF   ROADS 

The  report  of  the  committee  on  structural  design  of 
roads  contains  some  of  the  most  important  research 
developments  of  the  year.  Stresses  in  concrete  roads 
have  been  investigated  by  actual  field  and  laboratory 
tests  by  the  Bureau  of  Public  Roads  and  on  the  basis  of 
mathematical  theory  of  elasticity  by  H.  M.  Wester- 
gaard,  of  the  University  of  Illinois.     Professor  Wester- 


gaard  presents  a  method  of  calculating  the  required 
thickness  of  a  concrete  road  slab  for  a  given  wheel  loud 
if  the  allowable,  stresses  are  assumed.  Using  the  as- 
sumed stresses,  tables,  and  diagrams  presented  in  the 
report,  computations  may  be  quickly  made  which  will 
indicate  what  additional  thickness  of  concrete  is  required 
for  an  increase  in  wheel  load  and  what  may  be  saved  in 
thickness  by  eliminating  the  heaviest  vehicles.  Infor- 
mation of  this  character  is  particularly  valuable  in 
apportioning  the  cost  of  highways  to  different  classes  of 
traffic. 

The  Bureau  of  Public  Roads  tests  are  reported  by 
L.  W.  Teller,  who  describes  the  measurement  of  stresses 
in  concrete  roads,  using  a  compact-recording  strain 
gauge  of  high  magnification.  With  this  instrument  it- 
has  been  possible  to  study  the  maximum  stress  in  pave- 
ment slabs,  the  balance  of  the  various  cross-sectional 
designs,  the  transfer  of  stress  across  molded  joints  and 
the  effect  of  subgrade  conditions.  Tests  with  this  in- 
strument have  been  made  in  cooperation  with  the 
Pennsylvania  State  highway  department  and  with  the 
highway  authorities  of  Cook  County,  111.,  while  tests 
using  6-wheel  trucks  for  loading  have  been  conducted 
at  the  Arlington  Experiment  Farm. 

W.  K.  Hatt  of  Purdue  University  presented  a  report 
on  experiments  on  extensibility  of  concrete.  These 
experiments  were  undertaken  to  determine  the  factors 
affecting  extensibility,  studying  first  the  effect  of  curing 
conditions  and  mesh  reinforcement.  They  have  not 
yet  been  completed  but  have  progressed  to  the  point 
where  certain  well-defined^indications  can  be  stated. 

Subgrade  investigations  for  the  year  1925  by  the 
Bureau  of  Public  Roads  were  reported  by  Ira  B.  Mullis. 
This  report  discusses  the  characteristics  of  good  and 
poor  subgrade  soils,  the  movement  of  surface  and  ground 
water,  treatment  of  wet  cuts  and  of  soils  having  a  high 
capillary  potential,  and  the  influence  of  climate  on 
subgrade  conditions. 

H.  E.  Breed,  of  New  York  University,  presented  a 
summary  of  tension  tests  of  concrete  briquettes  rein- 
forced with  steel  fabric.  The  object  of  the  tests  was 
to  determine  the  benefit  of  steel  fabric  reinforcing 
during  the  first  seven  days  after  placing  when  concrete 
is  weakest  and  has  to  resist  the  greatest  contraction. 
Briquettes  approximately  four  times  the  size  of  ordinary 
tension  briquettes  were  used.  Among  the  conclusions 
it  is  stated  that  concrete  of  the  dense  mix  used,  treated 
as  described,  reinforced  with  one-eighth  to  one-fourth 
per  cent  steel  fabric,  is  benefited  in  tensile  strength  far 
more  than  the  percentage  of  steel  used  would  indicate. 

W.  D.  Somervell,  of  the  North  Carolina  Highway 
Commission,  described  a  successful  field  experiment  in 
which  transverse  planes  of  weakness  were  introduced 
in  a  concrete  road  slab  to  prevent  the  formation  of 
transverse  cracks  elsewhere.  At  40-foot  intervals, 
reinforcing  was  omitted  in  a  strip  of  paving  1  foot 
wide  and  a  thin  wooden  strip  2  inches  deep  was  in- 
serted in  the  surface.  This  strip  was  later  removed 
and  the  space  filled  with  tar  filler.  In  the  2,000-loot 
section  constructed  in  this  way,  no  transverse  .racks 
have  formed  except  at  the  planes  of  weakness. 
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C.  L.  McKesson,  of  the  California  Highway  Com- 
mission, presented  a  summary  of  the  suhgrade  treat- 
ment experiments  at  Rio  Vista,  Calif.  His  conclusions 
were  as  follows: 

That  soil  adulteration  with  cement  or  lime  compounds  is  not 
an  efficient  or  economical  method  of  securing  stability  in  heavy 

soils. 

That  the  suitability  of  soil  for  subgrade  purposes,  or  the  merits 
of  various  methods  of  soil  treatment  can  be  determined  by  rel- 
atively simple  laboratory  tests  and  that  expensive  field  tests  can 
in  some  cases  be  avoided  by  first  resorting  to  a  properly  conducted 
laboratory  investigation. 

That  a  sand  or  gravel  layer  is  an  efficient  and  economical 
method  of  minimizing  damage  to  pavements  resulting  from 
swelling  or  shrinkage  of  the  subsoil. 

CHARACTER    AND    USE    OF    ROAD    MATERIALS 

R.  W.  Crum,  of  the  Iowa  State  Highway  Commis- 
sion, reviewed  the  various  investigations  of  the  use  of 
calcium  chloride  and  soluble  compounds  of  calcium 
chloride  base  as  accelerators  in  the  hardening  of  con- 
crete. He  finds  the  investigators  in  substantial  accord 
t  hat  the  early  strength  of  concrete  is  increased  and  also 
the  permanent  strength  when  the  hardening  material 
is  used  in  quantities  less  than  4  per  cent  of  the  weight 
of  the  cement.  Further  investigation  is  needed  to 
formulate  rules  of  practice  for  varying  local  conditions 
and  different  cements.  Such  admixtures  are  also  use- 
ful to  counteract  to  some  extent  the  low  strength 
resulting  from  curing  at  low  temperature,  but  calcium 
chloride  can  not  be  depended  upon  to  protect  against 
freezing. 

A  review  of  tests  of  quick-hardening  cements  was 
given  by  F.  C.  Lang,  of  the  Minnesota  State  Highway 
Department.  Such  cements  arc  of  two  classes,  high 
alumina  and  special  Portland  cements.  Some  of  the 
high-alumina  cements  appear  to  be  resistant  to  the 
action  of  sulphate  and  alkali  water  and  all  investigators 
agree  that  both  classes  give  an  early  high  strength. 
H.  S.  Mattimore  has  found  that  high-alumina  cement 
concrete  has  compressive  and  transverse  strengths  at 
24  hours  greater  than  those  of  Portland  cement  con- 
crete at  28  days.  Mr.  Lang  gives  information  from 
various  investigators  as  to  time  of  set,  early  strength, 
quantity  of  mixing  water,  and  methods  of  curing  which 
will  be  valuable  to  users  of  these  new  materials. 

B.  A.  Anderton,  of  the  Bureau  of  Public  Roads, 
reviewed  the  progress  made  during  the  last  year  in 
investigations  of  bituminous  mixtures.  Several  in- 
vestigators have  brought  out  that  with  an  increase  in 
bitumen  content  beyond  a  certain  point  there  is  a  rapid 
decrease  in  stability.  It  is  the  theory  of  some  investi- 
gators that  the  bitumen  should  be  sufficient,  or  almost 
sufficient,  to  fill  the  voids  in  the  aggregate  when  the 
grains  are  in  as  close  contact  with  each  other  as  they 
arc  in  a  pavement;  but  it  appears  from  other  tests 
that  maximum  stability  with  most  mixtures  of  the 
sheet-asphalt  type,  may  be  obtained  with  a  proportion 
of  bitumen  considerably  less  than  this  amount. 

Paint  for  highway  traffic  lines  or  zones  has  come  into 
such  general  use  that  there  is  need  for  laboratory 
i  net  hods  of  determining  the  quality  of  such  paints. 
U.S.  Mattimore,  of  the  Pennsylvania  State  Highway 
Department,  lias  made  a  helpful  contribution  in  this 
direction  through  a  discussion  of  physical  tests  for 
consistency,  spreading  rate,  hiding  power,  drying  time, 
light  resistance,  visibility,  and  durability. 


HIGHWAY    TRAFFIC    ANALYSIS 

The  committee  on  highway  traffic  analysis  presented 
discussions  of  the  3-lane,  2-way  roadway,  traffic 
analysis,  elimination  of  obstacles  impeding  the  free 
flow  of  traffic,  and  adequate  rights  of  way  for  future 
highway  development. 

The  committee  concludes  that  22  and  24-foot  road- 
ways are  not  needed  for  two  lanes  of  traffic.  Road- 
ways 24  to  30  feet  in  width  are  used  as  3-lane,  2-way 
roadways.  Due  to  the  impossibility  of  governing 
traffic  on  the  middle  lane  by  right-of-way  regulations 
the  committee  recommends  4-lane  roadways  where  a 
2-lane  roadway  is  not  adequate. 

The  discussions  of  the  committee  were  supplemented 
by  papers  by  J.  G.  McKay,  of  the  Bureau  of  Public 
Roads,  dealing  with  population  and  highway  traffic 
and  interstate  traffic  on  Federal-aid  highways.  The 
former  paper  discusses  population  and  population 
trends  in  relation  to  present  and  future  highway  traffic 
and  gives  a  brief  resume  of  the  analysis  of  this  phase 
of  the  problem  in  the  Cook  County  transportation 
survey. 

In  the  paper  on  interstate  traffic  on  Federal-aid 
highways  Doctor  McKay  presented  figures  from  vari- 
ous traffic  surveys  showing  the  large  percentage  of  in- 
terstate travel  and  pointed  out  that  highways  are  no 
longer  neighborhood  affairs  to  be  discussed  in  town 
meeting  and  to  be  maintained  by  local  authorities. 

HIGHWAY    FINANCE 

The  committee  on  highway  finance  substituted  for 
its  report  the  report  of  the  special  investigation  of  urban 
aspects  of  the  highway  finance  problem  conducted 
under  the  auspices  of  the  Highway  Research  Board 
by  Jacob  Viner,  of  the  University  of  Chicago.  This 
study  had  for  its  purpose  an  examination  of  those 
problems  connected  with  the  financing  of  highways 
which  affect  most  closely  the  governments  and  residents 
of  urban  communities. 

The  study  deals  with  three  phases  of  the  problem: 

1.  The  special  interests  of  cities  and  of  urban  motor- 
vehicle  owners  in  the  highway  finance  policies  and  prac- 
tices of  State  and  county  governments. 

2.  The  methods  and  problems  of  urban  highway 
finance. 

.3.  The  financial  aspects  of  the  traffic  congestion 
problem. 

HIGHWAY     MAINTENANCE 

Seven  different  maintenance  problems  were  studied 
during  the  year  by  subcommittees  to  which  they  were 
assigned  and  the  subcommittee  reports  were  used  in 
formulating  the  report  of  the  main  committee.  This 
report  discussed  dust  prevention  and  surface  treatment 
of  gravel  and  macadam  roads,  crack  fillers  for  concrete 
pavements,  snow  removal  and  snow-removal  equip- 
ment, highway  signs,  standardized  maintenance  ac- 
counting, relation  between  age  of  pavement  and  its 
annual  maintenance  cost,  coverings  for  poorly  con- 
structed and  disintegrating  concrete  roads,  and  a 
description  of  an  instrument  for  measuring  road 
roughness. 

In  discussing  the  surface  treatment  of  gravel  roads 
it  is  stated  that  a  season's  application  of  calcium  chlo- 
ride varies  in  cost  from  $250  to  $300  per  mile,  as  against 
$300   to   $500   per  mile   for  light   asphaltic  oil.     The 
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opinion  is  very  general  that  the  minimum  traffic  for 
which  light  asphaltic  oil  or  calcium  chloride  treatment 
is  justified  ranges  from  300  to  500  vehicles  per  day, 
and  the  minimum  traffic  justifying  a  bituminous  or 
mat-forming  surface  treatment  ranges  from  500  to  800 
vehicles  per  day. 

A  survey  by  the  committee  indicates  that  there  is 
considerable  variation  in  practice  as  to  crack  fillers  for 
concrete  pavements.  Some  States  use  asphalt  in  its 
various  forms,  while  others  use  tar.  Some  require  a 
penetration  as  low  as  35,  whereas  others  require  up  to 
250.  Most  of  the  States  use  coarse  or  fine  sand  as 
covering  material,  but  a  few  have  experimented  with 
other  materials.  Experiments  are  now  under  way  in 
Illinois,  Connecticut,  Michigan,  and  California  with 
various  combinations  of  material. 

The  review  of  snow-removal  activities  shows  that 
an  increasing  mileage  is  being  kept  open  each  year 
and  that  improved  methods  and  machinery  are  being 
used,  but  there  has  been  no  unusual  development  in 
this  field. 

In  discussing  maintenance  accounting  the  committee 
suggests  that  such  accounting  should  cover  quantities 
of  work  performed  and  unit  costs  as  well  as  purposes, 
totals,  and  places  of  expenditures.  It  recommends 
that  the  standard  system  of  accounting  as  adopted  by 
the  American  Association  of  State  Highway  Officials 
be  put  into  operation  by  all  of  the  States  as  soon  as 
possible. 

The  committee  feels  that  the  question  of  type  of 
resurfacing  for  old  and  worn  concrete  roads  is  of  in- 
creasing importance.  It  is  not  yet  ready  to  offer  con- 
clusions, and  lists  a  number  of  projects  which  have 
been  resurfaced  and  which  should  be  studied  to  deter- 
mine the  best  methods. 

PROGRESS  MADE  IN  SPECIAL  INVESTIGATIONS 

S.  S.  Steinberg,  of  the  Highway  Research  Board, 
presented  a  report  on  the  work  that  has  been  done  in 
getting  under  way  the  special  investigation  of  the  board 
on  the  development  of  earth  roads.  The  objects  of  the 
investigation  are  to  coordinate  the  data  already  avail- 
able on  the  improvement  of  earth  roads  and  to  stimu- 
late further  research  in  order  to  find  an  inexpensive 
road  surface  to  carry  intermediate  traffic.     No  field 


investigations  have  yet  been  made,  but  the  material 
assembled  will  enable  the  investigator  to  study  effec- 
tively in  the  field  the  experiments  completed  or  under 
way  in  many  sections  of  the  country. 

R.  W.  Crum  and  Mark  Morris,  of  the  Iowa  State 
Highway  Commission,  presented  a  progress  report  on 
the  culvert  investigation  undertaken  by  the  Highway 
Research  Board.  Fourteen  States  have  been  visited 
and  516  installations  inspected.  The  report  discusses 
characteristic  types  installed  and  defects  observed, 
with  causes. 

REINFORCEMENT  IN  CONCRETE  ROADS 

Part  II  of  the  proceedings  contains  the  report  of  the 
investigation  of  the  economic  value  pf  reinforcement  in 
concrete  roads  by  C.  A.  Hogentogler.  In  this  survey 
a  general  inspection  was  made  of  5,500  miles  of  road  in  a 
search  for  plain  concrete  surfaces  which  had  disin- 
tegrated, reinforced  surfaces  which  had  failed,  and 
cracks  in  reinforced  concrete  pavements  of  such  width 
as  to  indicate  broken  steel.  Detailed  inspections  were 
made  of  about  2,000  miles  of  concrete  road  in  26  States, 
including  thicknesses  of  5  to  lOJ^  inches,  ages  from  1  to 
13  years,  subgrades  ranging  from  stable  sands  to  bad 
clays,  all  conditions  of  traffic,  and  reinforcement 
ranging  from  light  wire  fencing  to  %-inch-bar  mats. 

The  report  includes  sketches  showing  detailed  con- 
ditions as  regards  cracks  and  breakage,  photographs, 
design  details,  road  condition  charts,  digests  of  per- 
tinent highway  researches  and  reports  of  allied  in- 
vestigations furnished  by  cooperating  agencies.  In  a 
summary  of  conclusions  14  points  are  presented  among 
which  are  the  following : 

The  amount  of  cracking  and  subsequent  disintegrating  is  a 
function  of  time;  thus,  the  rate-,of  cracking  is  a  measure  of  the 
life  of  the  pavement. 

The  data  show  that  steel  reinforcement  reduced  the  rate  of 
cracking  and  thus  increased  the  life  of  the  pavement.  This  ap- 
plies both  to  concrete  pavements  and  other  pavements  laid  upon 
a  concrete  base. 

Crack  reduction  is  more  economically  accomplished  by  the  use 
of  steel  reinforcement  than  by  additional  thickness  of  concrete. 

A  greater  reduction  was  afforded  by  small  steel  members 
closely  spaced  than  by  larger  members  widely  spaced. 

Copies  of  the  proceedings  may  be  obtained  by  ad- 
dressing the  Highway  Research  Board,  National  Re- 
search Council,  Washington,  D.  C. 
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China. — M.  Ouang  Hang,  engineer  of  the  railways,  Paris 
representative  of  the  Ministry  of  Communications,  Peking. 

United  States. — (In  collaboration):  Messrs.  Thomas  H.  Mac- 
Donald,  Chief,  U.  S.  Bureau  of  Public  Roads,  Washington, 
D.  C;  John  A.  Macdonald,  State  highway  commissioner,  Hart- 
ford, Conn.;  W.  G.  Sloan,  State  highway  engineer,  Trenton, 
N.  J. 

France. — (In  collaboration) :  Messrs.  E.  Chaix,  vice  president 
of  the  A.  C.  F.,  president  of  the  Tourist  and  General  Traffic 
Commission  of  the  A.  C.  F.,  director  of  the  National  Touring 
Office;  Gaston  Raffard,  member  of  the  Touring  and  General 
Traffic  Commission  of  the  A.  C.  F.,  8  Place  de  la  Concorde, 
Paris. 

Great  Britain. — Sir  Lynden  Macassey,  K.  B.  E.,  M.  A.,  LI.  D., 
etc.,  24  Sloane  Gardens,  London  S.  W.  1. 

Italy. — (In  collaboration) :  Messrs.  Aw.  Francesco  La  Farina, 
Ministry  of  Public  Works,  Rome;  Eng.  Gaetano  D'Alo,  director 
of  the  inspection  department  of  railways,  tramways,  and  motors, 
Milan;  Marquis  Aw.  Paolo  Sommi-Picenardi,  du-ector  of  the 
Automobile  Club,  Milan;  Alberto  Depetrini,  section  chief  of  tin- 
Ministry  of  Public  Works,  Rome. 


Low  countries. — (In  collaboration) :  Messrs.  D.  A.  Van  Heyst, 
chief  engineer   of  the   "Rykswaterstaat"   at   The    Hague,    P21 


Florapark,  Haarlem. 

Sweden. — Mr.  Adler  (Knut  Kristian),  captain  <>f  the  Bridges 
and  roads  Corps,  Linkoeping. 

GENERAL    SPEAKERS 

First  question:  Engineer  Angelo  Rampazzi,  section  president 
at  the  Board  of  Public  Works,  Rome. 

Second  question:  Engineer  Italo  Vandone  of  the  Italian  Tour- 
ing Club,  Milan. 

Third  question:  Engineer    Michelangelo    Bohm,    45    Via     !><■ 
Amicis,  Milan. 

Fourth  question:  Engineer  Luigi  Frosali,  chiei  engineer  of  the 
Technical  Bureau  of  the  Province  of  Florence. 

Fifth  question:   Engineer  Cesare  Albertini,  ol   the  Technical 
Bureau  of  the  Milan  Municipality. 

Sixth  question:  Grand   US.   Michele  Carlo  Lsacco,   mai 
director  of  traffic  and  ports,  Ministry  of  Public  Works,  Koine. 


VIRGINIA  BUILDING  DEMONSTRATION  ROAD 

HISTORIC  BULL  RUN  BATTLEFIELD  THE  SITE  OF  IMPORTANT  HIGHWAY  INVESTIGATIONS 

Reported  by  C.  A.  Hogentogler,  Highway  Engineer,  U.  S.  Bureau  of  Public  Roads 


A  DEMONSTRATION  highway  from  which  it  is 
expected  to  obtain  information  comparable  in 
value  and  importance  with  that  produced  by  the 
Bates  Road  and  Pittsburg  (Calif.)  tests  and  the  ex- 
periments of  the  Bureau  of  Public  Roads  at  Arlington, 
Va.,  is  now  under  construction  between  Fairfax  and 
Warrenton,  Va.  The  road,  which  is  being  built  by  the 
Virginia  Highway  Commission  under  the  directon  of 
Henry  (!.  Shirley,  chairman,  and  C.  S.  Mullen,  chief 
engineer,  of  the  commission,  is  a  Federal-aid  project. 
It  traverse's  the  historic  Bull  Run  battlefield  and  the 
famous  bridge  over  the  run  still  may  be  seen  by  visitors 
to  the  demonstration  road. 

The  new  demonstration,  unlike  the  previous  experi- 
mental roads,  is  not  intended  as  a  test  of  road  design 
or  of  the  relative  value  of  different  surfacing  materials. 
The  Virginia  standard  8-6-8  concrete  section,  which  is 
used  on  the  major  portion  of  the  road,  is  not  in  ques- 
tion.    Instead  the  type  of  information  sought  concerns 


■US 
The  Famous  Stone  Bridge  Crossing    Bull  Run 

a  number  of  questions  not  covered  by  the  previous 
tests  and  relating  principally  to  the  influence  of  the 
subgrade,  the  effect  of  admixtures  of  various  sorts,  of 
the  kind  and  quantity  of  reinforcement,  of  various  fin- 
ishing methods,  and  other  details  of  construction.  In 
general,  the  type  of  information  sought  concerns  the 
economy  of  various  common  practices  in  concrete  con- 
struction, especially  the  various  measures  employed  to 
prevent  cracking  and  breaking  and  promote  the  smooth- 
ness of  the  surface. 

In  its  length  of  9  miles  the  road  provides  opportunity 
for  the  study  of  the  effect  of  the  following  variables: 

1.  The  subgrade. — Seven  different  types  of  soil  are  represented 
in  the  natural  subgrade  and  thin  courses  of  stone  screenings  and 
both  single  and  double  layers  of  tar  paper  have  been  used  as 
coverings  in  certain  sections. 

2.  Construction  joints  and  dividing  planes. — Expansion  and 
(•enter  joints  are  used  in  only  one  section.  Construction  joints 
are  placed  at  noon  and  at  night.  Longitudinal  dividing  planes 
have  been  used  in  two  sections,  in  one  of  which  transverse 
dividing  planes  have  also  been  used.  These  planes  of  weakness 
an  formed  by  installation  of  a  patented  type  of  separating  strip 
about  2}4  inches  deep.  With  the  exception  of  the  section  con- 
taining both  longitudinal  and  transverse  dividing  planes,  which 
is  laid  to  a.  uniform  thickness  of  7  inches,  (ho  Virginia  design  of 
8  ti  8  pavement,  IS  feet  wide,  was  used  in  all  sections. 
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3.  Aggregate,  cement,  and  mix. — The  same  sand  and  crushed 
stone  are  used  throughout  the  work.  Two  well-known  brands 
of  cement  have  been  used,  and  the  mix  is  either  1  :2}4  '■  "&XA,  or 
1:2:4. 

4.  Admixtures. — The  three  admixtures  used  are  hydrated  lime, 
5  and  8  per  cent;  Celite,  3  per  cent;  and  calcium  chloride,  2  per 
cent;  all  incorporated. 

5.  Types  of  construction. — The  three  types  of  construction 
employed  are  plain  concrete,  vibrolithic  concrete,  and  reinforced 
concrete.  Both  single  and  double  layers  of  welded  steel  fabric, 
bar  mats,  and  expanded  metal  are  used  in  the  latter. 

6.  Finishing  and  curing. — Part  of  the  road  is  being  finished 
by  hand  methods.  The  remainder  is  to  be  machine  finished, 
using  both  Ord  and  Lakewood  finishing  machines.  With  the 
exception  of  the  section  containing  calcium  chloride,  all  sections 
are  to  be  cured  alike  by  covering  with  wet  earth  for  14  days. 

EXPERIMENTAL  WORK 

The  road  on  which  the  demonstration  is  being  con- 
ducted is  strictly  a  service  highway  constructed  under 
State  supervision  with  convict  labor.  It  will  not  be 
subjected  to  accelerated  traffic. 

The  Bureau  of  Public  Roads  is  cooperating  in  the 
experimental  work  which  includes  studies  of  the  sub- 
grade,  the  concrete  materials,  and  the  effect  of  con- 
struction operations.  The  nature  of  the  investigations 
is  briefly  as  follows: 

1.  Material  investigation. — This  work,  which  is  carried  on  at 
the  Arlington  Experiment  Farm,  includes  tests  of  specimens  in 
which  either  the  sand,  cement,  or  stone  is  varied,  and  tests,  at 
various  ages,  of  beams  made  of  the  same  mixes  and  containing 
the  same  admixtures  as  the  road  sections.  Routine  tests  and 
special  expansion  and  contraction  observations  are  being  made 
in  the  Washington  laboratories  of  the  bureau. 

2.  Test  cylinders. — Test  cylinders  made  during  construction 
are  being  cured  alongside  of  the  road  under  conditions  as  nearly 
as  possible  identical  with  the  road  slab.     The  position  of  batches 

-from  which  the  cylinders  are  made  is  marked  so  that  cores  can 
be  drilled  later.  This  will  allow  a  definite  comparison  to  be 
made  between  the  strengths  of  cores  and  cylinders  from  the  same 
batch. 

3.  Surveys  and  construction  observations. — A  complete  sub- 
grade  survey  was  made  prior  to  the  beginning  of  construction  in 
the  course  of  which  observations  of  drainage  conditions  were 
taken  and  samples  of  soil  were  procured  for  testing  in  the  labora- 
tory. Subsequent  inspections  of  soil  conditions  have  been  made 
after  heavy  rains. 

Observers  stationed  on  the  work  are  keeping  accurate  records 
of  all  occurrences  and  practices  which  might  influence  the  condi- 
tion of  the  pavement.  Atmospheric  conditions,  temperature 
and  humidity,  and  the  slump  of  the  concrete  are  recorded  hourly. 
The  time  of  pouring  each  batch  and  the  time  it  is  finished  and 
covered  is  kept  accurately  and  the  position  of  the  batch  is  care- 
fully platted  with  identifying  station  numbers  indicated.  This 
provides  an  efficiency  record  which  shows  the  variation  in  the 
intervals  between  the  three  important  stages. 

Condition  surveys  of  the  surface  are  made  before  the  wet 
earth  covering  is  placed  and  after  it  is  removed;  and  all  of  the 
data  mentioned  are  plotted  on  final  record  sheets  together  with 
the  grade  and  alignment  of  the  road.  Future  surveys  will  be 
made  to  determine  how  the  surface  condition  is  influenced  by 
the  various  factors. 

4.  Observations  of  surface  smoothness. — After  the  earth  cover- 
ing is  removed  the  relative  smoothness  of  the  various  sections 
will  be  determined  by  the  use  of  a  16-wheel  profilometer.  The 
effect  of  the  surface  condition  on  truck  wheel  impact  will  be 
measured  by  means  of  accelerometers  attached  to  trucks;  and 
the  effect  on  the  truck  body  will  be  measured  with  a  recording 
roughometer. 

Information  with  regard  to  the  surface  smoothness  and  rela- 
tive first  costs  of  the  various  sections  will  be  available  immedi- 
ately. The  influence  of  the  various  other  factors  on  the  condi- 
tion of  the  surface  can,  naturally,  be  learned  only  after  the  road 
has  been  in  service  a  sufficient  length  of  time  to  develop  defects. 
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Applicants  are  urgently  requested  to  ask  only  for  those  publications  in  which  they  are 
particularly  interested.  The  Department  can  not  undertake  to  supply  complete  sets 
nor  to  send  free  more  than  one  copy  of  any  publication  to  any  one  person.  The  editions 
of  some  of  the  publications  are  necessarily  limited,  and  when  the  Department's  free  supply 
is  exhausted  and  no  funds  are  available  for  procuring  additional  copies,  applicants  are 
referred  to  the  Superintendent  of  Documents,  Government  Printing  Office,  this  city,  who 
has  them  for  sale  at  a  nominal  price,  under  the  law  of  January  12,  1895.  Those  publica- 
tions in  this  list,  the  Department  supply  of  which  is  exhausted,  can  only  be  secured  by 
purchase  from  the  Superintendent  of  Documents,  who  is  not  authorized  to  furnish  pub- 
lications fret. 

ANNUAL  REPORT 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 

DEPARTMENT  BULLETINS 

No.     105.  Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1913. 
*136D.  Highway  Bonds.     20c. 
220D.  Road  Models. 
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THIN  BRICK  PAVEMENTS  STUDIED 

REPORT  OF  ACCELERATED  TRAFFIC  TESTS  AND  FIELD  STUDIES  BY  THE  BUREAU  OF  PUBLIC 

ROADS 

Reported  by  L.  W.  TELLER,  Engineer  of  Tests,  and  J.  T.  PAULS,  Associate  Highway  Engineer,  Un.ted  States  Bureau  of  Public  Roads 


THERE  has  been  manifest  lately  a  growing  belief 
among  engineers  that  brick  less  than  4  inches  in 
thickness  may  properly  be  used  in  the  construc- 
tion of  brick  pavements.  Advocates  of  the  thin- 
ner brick  have  contended  that  the  4-inch  depth  is 
unnecessary,  and  that  brick  of  3-inch  thickness  or  even 
less  would  give  equally  satisfactory  results,  and  the 
extensive  and  satisfactory  use  of  3^  and  even  3  inch 
brick  in  some  parts  of  the  country  has  apparently  lent 
support  to  the  contention. 


Fig.  1. — General  Plan  of  Brick  Test  Track 

"  If  such  a  reduction  in  thickness  can  be  made  without 
impairing  the  service  value  of  the  pavement,  and  if  the 
manufacture  of  the  thinner  brick  is  practicable,  the 
resulting  economy  in  the  construction  of  brick  surfaces 
would  doubtless  be  very  considerable;  and  the  question 
is  one  which  merits  thorough  investigation  on  that 
acccount.  If,  as  experience  has  apparently  demon- 
strated, the  33^  and  3  inch  thickness  can  be  employed 
successfully,  the  investigation  should  confirm  that  fact 
and  go  further  to  the  extent  of  ascertaining  the  least 
thickness  practicable  from  the  points  of  view  of  manu- 
facture, service,  and  cost. 

Recognizing  the  importance  of  the  question  the 
Bureau  of  Public  Roads  has  undertaken  to  conduct 
such  an  investigation,  in  the  course  of  which  it  has 
made  a  field  study  of  the  service  behavior  of  brick  pave- 
ments in  which  brick  of  less  than  4-inch  thickness  have 
been  used,  and  concurrently  an  accelerated  traffic  test, 
at  Arlington,  Va.,  on  sections  of  pavement  built  of 
brick  of  different  thickness  and  a  series  of  laboratory 
tests  on  the  brick  used  to  determine  their  quality. 
Several  plants  manufacturing  brick  of  less  than  3-inch 
thickness  have  also  been  visited  to  determine  the  atti- 
tude of  the  industry  toward  the  use  of  the  thinner 
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brick  and  to  ascertain  if  their  manufacture  presents  any 
particular  difficulties. 

CONCLUSIONS  INDICATED   BY   THE  INVESTIGATION 

The  several  parts  of  the  investigation  have  now  been 
completed  and  the  analysis  of  the  data  obtained  seem 
to  warrant  certain  conclusions,  among  which  the  more 
important  are: 

1.  That  23^-inch  brick  of  the  quality  used  in  the 
Arlington  traffic  tests,  when  properly  supported,  will 
prove  satisfactory  for  pavements  carrying  the  heavier 
types  of  traffic. 

2.  That  brick  of  2-inch  thickness,  when  properly 
supported  and  of  the  quality  used  in  the  tests,  will  be 


Fig.  2. — Bricklayer  Closing  in  a  "Dutchman."  This  Fea- 
ture was  Necessary  to  Compensate  for  the  Curvature 
of  the  Test  Track 

adequate  for  pavements  on  streets  carrying  the  lighter 
types  of  traffic. 

3.  That  a  bedding  course  of  plain  sand  is  more  effec- 
tive in  reducing  breakage  of  brick  than  a  cement-sand 
bedding  course,  the  breakage  being  much  less  on  the 
former  than  the  latter.  The  depth  of  the  sand  bedding 
course  should  not  greatly  exceed  three-fourths  inch. 
Increasing  the  depth  tends  to  produce  roughness  in  the 
pavement. 

4.  That  cobbling  of  the  brick  is  greatly  increased  as 
the  spacing  between  bricks  is  increased. 

5.  That  the  use  of  excessive  quantities  of  asphalt 
filler  is  a  common  and  serious  fault  in  construction, 
unnecessarily  increasing  the  cost  and  resulting  in  a 
condition  which  impairs  both  the  appearance  and  the 
serviceability  of  the  pavement. 

6.  That  base  construction  of  other  than  the  rigid 
type  may  in  many  cases  prove  entirely  satisfactory. 
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Macadam  bases  and  those  constructed  of  certain  types 
of  natural  earth  appear  to  be  suitable  when  the  local 
conditions  are  such  that  these  types  of  construction 
maintain  their  stability  throughout  the  year. 


Fig.  3. 


-Type  of  Truck  and  Solid  Rubber  Tires  Used  Dur- 
ing the  First  Phase  of  the  Test 


7.  That  no  difference  in  the  base  construction  is 
necessary  for  the  different  thicknesses  of  brick. 

THE   ACCELERATED   TRAFFIC   TESTS 

The  accelerated  traffic  tests  have  been  carried  on  at 
the  Arlington  Experiment  Farm,  Arlington,  Va.,  during 
the  last  several  months.  Their  object  was  to  obtain 
data  on  the  relative  resistance  to  heavy-truck  traffic  of 
paving  brick  of  the  several  thicknesses,  and  every 
effort  was  made,  therefore,  to  eliminate  all  other 
variable  factors  which  might  influence  the  results  of 
the  tests,  the  only  exception  being  the  use  of  the  two 
kinds  of  bedding  course.  Because  of  the  opportunity 
afforded  by  the  test  to  study  the  relative  merits  of  the 
plain  sand  and  cement-sand  bedding,  it  was  decided  to 
include  this  feature,  and  accordingly  the  pavement  as 
laid  includes  duplicate  sections  of  each  thickness  of 
brick,  one  on  each  of  the  two  types  of  bedding. 

In  order  to  minimize  the  possibility  of  a  variation  in 
the  quality  of  the  brick  used,  they  were  all  obtained 
from  one  manufacturer,  and  all  are  of  the  vertical- 
fiber,  plain  wire-cut,  lugless  type,  8%  inches  long  and 
4  inches  wide,  the  depths  for  the  several  sections  being 
2,  2]/2,  3,  334  and  4  inches. 

A  circular  concrete  base,  which  formerly  had  served 
in  tests  of  bituminous  pavements,  was  available  and 
was  used  as  a  base  for  the  brick  sections.  This  base 
has  a  mean  circumference  of  about  540  feet,  is  13  feet 
wide,  and  at  the  beginning  of  these  tests  was  in  perfect 
condition. 

For  the  purpose  of  the  brick  test  this  circular  base 
was  divided  symmetrically  into  10  equal  sections. 
On  one-half  of  the  circle  the  plain  sand  bedding  course 
was  laid  to  a  thickness  of  three-fourths  inch;  on  the 
other  half  a  1:4  cement-sand  course  of  the  same 
thickness  was  used.  On  each  type  of  bedding  five  test 
sections  were  constructed,  one  of  each  thickness  of 
paving  brick.  Each  section  was  about  45  feet  long  and 
between  them  the  change  of  one-half  inch  in  surface 
elevation  made  necessary  by  the  change  in  thickness 
of  brick  was  made  in  a  transition  section  about  10 
feet  long. 


This  change  in  elevation  was  accomplished  by  ad- 
justing the  thickness  of  the  bedding  course  over  a 
length  of  about  3  feet  in  the  center  of  the  transition 
section,  the  bedding  for  this  distance  being  stiffened 
by  the  addition  of  a  small  quantity  of  Portland  cement. 
The  general  plan  of  the  test  track  and  the  relative 
position  of  the  various  sections  are  shown  in  Figure  1. 

On  account  of  the  difference  in  circumference  between 
the  inside  and  outside  edges  of  the  track,  it  was  neces- 
sary to  give  special  attention  to  the  manner  in  which 
the  brick  were  laid  around  the  circle;  and  it  was  decided 
that  the  best  method  would  be  to  lay  the  brick  in  a 
series  of  short  tangents  and  to  join  these  tangents  with 
"Dutchmen."  One  of  these  is  shown  in  process  of 
construction  in  Figure  2.  In  the  track  when  completed 
there  was  one  "Dutchman"  in  the  center  of  each  test 
section  and  another  in  each  transition  section;  and  in 
this  way  a  uniform  width  of  joints  was  maintained 
throughout  the  entire  pavement. 

After  the  brick  were  laid  the  pavement  was  rolled 
with  a  3-ton  tandem  roller,  and  bricks  which  appeared 
to  be  damp  were  dried  with  a  portable  kerosene  torch. 
This  was  followed  by  culling,  after  which  the  joints 
were  filled  with  a  squeegee  coat  of  asphalt  of  32  pene- 
tration, applied  at  a  temperature  of  375°  to  400°  F. 


Fig.  4. — Truck    Wheel    Equipped    with    Nonskid    Chains 
During  the  Second  Phase  of  the  Traffic  Test 

The  pavement  was  constructed  late  in  November  and 
on  account  of  the  low  temperature  considerably  more 
asphalt  adhered  to  the  surface  of  the  pavement  than 
was  desirable.  Better  filling  of  the  joints  would  have 
resulted  if  higher  air  temperatures  had  prevailed.  A 
light  coat  of  sand  followed  the  asphalt  and  another 
rolling  completed  the  construction  of  the  test  pave- 
ment. All  work  was  done  by  a  contractor  thoroughly 
familiar  with  brick  pavement  construction. 

Before  traffic  was  applied  the  various  sections  were 
marked  off  with  radial  painted  lines,  and  longitudinal 
traffic  lines  were  also  painted  on  the  surface  in  order  that 
the  truck  wheels  might  be  confined  to  a  path  30  inches 
wide  and  thus  accelerate  the  test. 

The  general  plan  was  to  apply  3-ton,  5-ton,  and  73^-ton 
motor-truck  loads  a  definite  number  of  times  on  each 
test  section  and  to  observe  the  results.  The  first 
phase  consisted  of  the  application  of  these  loads  with 
motor  trucks  equipped  with  solid  rubber  tires  in 
good  condition,  as  shown  in  Figure  3.  In  the  second 
phase  the  trucks  were  equipped  with  heavy  nonskid 
chains  on  the  rear  wheels,  as  shown  in  Figure  4.  The 
details  of  the  loading  program  for  the  two  phases  of 
the  test  are  given  in  Table  1. 
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Table  1. 


-Loading  program  for  the  two  phases  of  the  accelerated 
traffic  test 


FIRST  PHASE 


Rated 
load 

Maxi- 
mum 
wheel 
load 

Tire  size 

Load 
per 
inch 
of  tire 
width 

Number 

of  trips 

over 

each  test 
section 

Tons 
3 
5 
7J/2 

Pounds 
5,800 
7,750 

10,  570 

Inches 
40  by  10 
40  by  12 
40  by  12 

Pounds 
580 
646 
881 

10, 000 
10,000 
20,000 

SECOND  FHASE 


Rated 
load 

Maxi- 
mum 
wheel 

load 

Load 

per 

Tire  size       inch 

1  of  tire 

width 

Chains 

Number 

Di- 
ame- 
ter 

Height 

above 

tire 

Num- 
ber 
per 

wheel 

of  trips 

over     1 
each  test 
section 

Tons 
3 
5 

m 

Pounds 
5,800 
7,750 

10, 570 

Inches       Pounds 
40  by  10           580 
40  by  12          646 
40  by  12          881 

Inch 
Vi 

Inches 

m 
m 

7 
8 
8 

10,000 
10,000 
2,200 

The  base  of  the  test  track  was  originally  constructed 
with  superelevation  for  a  speed  of  9  miles  per  hour. 
It  was  thought  that  this  speed  was  too  low  for  repre- 
sentative traffic,  and  during  the  tests  without  chains 
a  speed  of  12  miles  per  hour  was  maintained.  This 
caused  a  difference  in  pressure  under  the  two  rear 
wheels,  the  effect  of  which  will  be  discussed  later. 
During  the  second  phase  of  the  test  it  was  found  that 
the  trucks  could  not  maintain  a  speed  of  over  9  miles 
per  hour  without  overheating  because  of  the  heavy 
chains,  so  this  speed  was  used  throughout  this  part  of 
the  traffic  test. 

RESULTS   OF   THE   ACCELERATED   TRAFFIC  TEST 

The  results  of  the  accelerated  traffic  test  as  measured 
by  the  percentage  of  the  total  number  of  brick  in  the 
two  30-inch  wheel  strips  of  each  section,  broken  trans- 
versely under  each  load  in  the  two  phases  of  the  test, 
are  shown  in  Table  2.  The  same  data  expressed  in 
numbers  of  broken  brick,  graphically  for  the  2-inch 
brick  and  in  tabular  form  for  the  other  thicknesses,  are 
shown  in  Figure  5.  These  are  the  data  from  the  traffic 
test.  The  results  of  the  physical  tests  of  the  brick  and 
the  compression  tests  made  on  brick  taken  from  the 
pavement  after  the  completion  of  the  traffic  tests  are 
shown  in  Tables  3  and  4,  respectively. 

Table  2. — Percentage  of  total  number  of  brick  in  the  two  wheel 
strips  of  each   section,   broken  transversely  under  each  load 


Num- 
ber of 
trips 

Rated 
load 

Thickness  of  brick 

2-inch 

2H-inch 

3-inch 

3M-inch 

4-inch 

Tire  condi- 
tion 

-3 

■•-"0 

a  a 

— 

.a 

a  « 

(C.G 

•o 

S-3 

r& 

a  — 

•a 

s-g 

T3 

-~ 

■a 

CO 

□ 

a 

a 

□ 

5  n 

a 

S  a 

a  a 

■?  3 

03 

a  « 

rl    =3 

a 

.-  fl 

CO 

U  » 

co 

O   « 

CO 

Qw 

CO 

CO 

O  " 

Plain  solid 

Tons 

P.ct 

P.ct. 

P.ct. 

P.  ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

tires 

10, 000 

3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ao 

0.0 

0.0 

0.0 

10, 000 

5 

1.6 

2.1 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

10,000 

7V, 

5.6 

11.8 

.2 

.3 

.0 

.0 

.0 

.4 

.0 

.2 

10, 000 

7H 

3.5 

4.6 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

Total... 

! 

1C.7 

18.5 

.2 

.3 

.0 

.0 

.0 

.4 

.0 

.2 



With  nonskid 

chains 

10, 000 

3 

1.0 

6.0 

.0 

.5 

.3 

.0 

.0 

.1 

.0 

.0 

10, 000 

5 

.5      3.1 

.0 

.5 

.0 

.0 

.1 

.0 

.0 

.1 

2,200 

m 

.4 

1.1 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

Total... 





1.9 

10.2 

.0 

1.0 

.3 

.0 

.1 

.1 

.0 

.1 

Table  3. — Results  of  physical  tests  on  the  brick  used  in  the  test 
pavement  at  Arlington  Experiment  Farm,  Va. 


Brick 
thick- 
ness 

Rattler 
loss  by 
weight 

Modulus  of  rupture 

Crushing 

strength  on 

edge 

Tested  flat 

Tested  on 
edge 

Inches 
2 

3 

4 

Per  cent 
22.8 
18.8 
19.0 
17.0 
16.8 

Lbs.  per 

2,088 
2,461 
2,115 
2,233 
2,117 

Lbs.  per 
sq.  in. 
1,991 
2,197 
1,964 
2,146 
1,998 

Lbs.  per 
sq.  in. 
10, 240 
12,  530 
10, 770 
10, 916 
10, 850 

Table  4. — Results  of  compression  tests  on  the  different  sizes  of 
brick  in  various  conditions  taken  from  the  test  pavement  after  the 
completion  of  all  traffic 


Condition  of  cob- 
bling 


Minimum. 
Average . . . 
Maximum 
Minimum. 
Average... 
Maximum 
Minimum. 
Average... 
Maximum 
Minimum. 
Average... 
Maximum 
Minimum. 
Average... 
Maximum 


Brick 
thick- 
ness 


Inches 

2 

2 

2 

2H 

2V2 

2M 

3 

3 

3 

VA 

IVi 

3H 

4 

4 

4 


Average  crushing  strength  on  edge  (pounds  per  square 
inch) 


Not 
broken 
trans- 
versely 


Traffic  stage  in  which  transverse  break 
occurred1 


7,550 
7,520 


I,  (Kill 
6,260 
6,220 


9,970 


\  .".Hi 
7,920 


9,340 
7,270 


8,150 


9,  530 


10,  980 
6,740 
5,770 


10,  810 
9,  790 


10,  120 


9,170 


11.010 


9,940 


8,630 


9,240 
9,570 


1  Traffic  stages. 

A.  Includes  10,000  trips  with  3-ton  load  and  plain  solid  tires  (in  which  no  breaks 
occurred)  and  10.000  trips  with  5-ton  load  and  plain  solid  tires.  Breaks  under  this 
traffic  are  indicated  in  the  photographs  by  a  solid  circle. 

B.  Includes  A  plus  10,000  trips  with  iVi-tcm  load  and  plain  solid  tires.  Breaks 
under  this  traffic  are  indicated  in  the  photographs  by  an  open  circle. 

C.  Includes  A  and  B  plus  10,000  trips  with  7H-ton  lead  and  plain  solid  tires 
Breaks  under  this  traffic  are  indicated  in  the  photographs  by  a  triangle. 

D.  Includes  A,  B,  and  C  plus  10,000  trips  with  3-ton  load  and  plain  solid  tires  with 
nonskid  chains.  Breaks  under  this  traffic  are  indicated  in  the  photographs  by  a 
single  line. 

E.  Includes  A,  B,  C,  and  D  plus  10.000  trips  with  5-ton  load  and  plain  solid  tires 
with  nonskid  chains.  Breaks  under  this  traffic  are  indicated  in  the  photographs  by 
o  cross 

F.  Includes  A,  B,  C,  D,  and  E  plus  2,200  trips  with  7J^-ton  load  and  plain  solid 
tires  with  nonskid  chains.  Breaks  under  this  traffic  are  indicated  in  the  photo- 
graphs by  an  open  square. 

From  a  study  of  the  graphs  in  Figure  5  it  will  be  seen 
that: 

1.  Practically  all  transverse  breakage  occurred  in  the 
2-inch  brick  sections. 

2.  Within  the  limits  of  the  test,  resistance  to  breakage 
by  the  23^-inch  brick  appears  to  have  been  but  slightly 
less  than  that  of  the  thicker  brick. 

3.  Breakage  in  sections  laid  on  sand  bedding  is  less 
than  half  of  that  occurring  in  sections  laid  on  cement- 
sand  bedding. 

4.  The  greatest  amount  of  breakage  occurred  during 
the  application  of  the  7^-ton  load  with  plain  solid 
tires. 

5.  The  greatest  increase  in  breakage  occurred  during 
the  first  10,000  trips  of  the  7K-ton,  plain-solid-tired 

6.  The  rate  of  breakage  greatly  decreased  under  the 
traffic  following  completion  of  the  734-ton,  plain-solid- 
tired  traffic. 

The  high  resistance  to  breakage  shown  by  the 
23^-inch  brick  was  one  of  the  important  results  ob- 
tained from  this  test.  The  slightly  better  quality  in- 
dicated by  the  physical  tests  can  only  partially  explain 
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160 
140 
120 
100 
80 
60 
40 
20 
0 
280 
260 
240 
220 
200 
180 
160 
140 
120 
100 
80 
60 
40 
20 
0 
650 
600 
5S0 
500 
450 
400 
350 
300 
250 
200 
150 
100 
50 
0 


PLAIN  SOLID  RUBBER  TIRES 

NONSKID  CHAINS  ON 
PLAIN  SOLID  RUBBER  TIRES 

3-TON  LOAD 
RIGHT  WHEEL  LOAD  6800  LBS 
580LBS.PER  INCH  WIDTH 

5-TON  LOAD 

RIGHT  WHEEL  LOAD  7750  LBS 

646  LBS  PER  INCH  WIDTH 

7? -TON  LOAD 

RIGHTWHEELLOADI0S70LBS. 

881  LBS.PER  INCH  WIDTH 

3-TON  LOAD 

RIGHT  WHEEL  LOAD  5800  LBS. 
580  LBS. PER  INCH  WIDTH 

5-TON  LOAD 

RIGHT  WHEEL  LOAO  7750  LBS 

646LBS.PER  INCH  WIDTH 

7J-T0N  LOAD 
RIGHT  WHEEL  LOAD 

10570  LBS 
881  LBS.PERIN  WIDTH 

BREAKAGE  ON  SAND  BEDDING 

2-INCH  BRICK-^. 

BREAKAGE  OF  OTHER  SIZES 

BREAKAGE  OF  OTHER  SIZES 

BREAKAGE  OF  OTHER  SIZES 
3-INCH-ONE                                3i-INCH-0NE                           NONE 

NONE 

NONE  ON  OTHERS 

NONE  ON  OTHERS                    NONE  ON  OTHERS 

BREAKAGE  ON  CEMENT  SAND  BEDDING 

2-INCH  BRICK-, 

> 

•-' 



/ 

' 

BREAKAGE  OF  OTHER  SIZES 

BREAKAGE  OF  OTHER  SIZES 

BREAKAGE  OF  OTHER  SIZES 

NONE 

3^-INCH-FOUR 

2J-INCH-FIVE                           2J-INCH-FIVE 

3J-INCH-0NE                              4-INCH-ONE 

■JONE  ON  OTHERS                   NONE  ON  OTHERS 

NONE 

NONE  ON  OTHERS 

TONNAGE  CURVE 

20  40 

NUMBER  OF  TRIPS-THOUSANDS 


50 


60 


Fia.  5.— Results  of  the  Accelerated  Traffic  Test  as  Measured  by  the  Number  of  Brick  in  the  30-Inch  Wheel  Strips 

OF  JiACH  bECTION,  BROKEN  TRANSVERSELY  UNDER  EACH  LOAD  IN  THE    Two  PHASES  OF  THE  TEST;  AND  CURVE  SHOWING  THE 
lONNAGE    TO     WHICH    THE    BRICK    WERE    SUBJECTED 
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the  remarkable  strength  of  this  brick  under  severe 
traffic  conditions. 

The  marked  contrast  in  breakage  occurring  on  the 
two  types  of  bedding  course  strikingly  demonstrates  the 
superiority  of  the  plain  sand  over  the  cement-sand 
bedding,  at  least  for  the  heavy-traffic  pavements. 

The  higher  rate  of  breakage  which  occurred  during 
the  early  traffic,  as  shown  in  Table  2  and  Figure  5,  is 
probably  explained  by  variation  in  the  quality  of  the 
brick.  It  is  probable  that  there  were  in  each  section 
certain  brick  slightly  warped  or  of  poorer  grade,  and 
these,  breaking  under  the  lighter  loads,  would  tend  to 
increase  the  early  rate  of  breakage. 

The  greater  breakage  occurring  under  the  outer 
wheels  in  the  tests  made  with  plain  solid  tires  is  shown 
by  Table  5.  This  is  the  condition  previously  referred 
to  and  attributed  to  the  fact  that  the  trucks  when 
equipped  with  plain  solid  tires  were  operated  at  a 
speed  of  12  miles  per  hour  whereas  the  pavement  was 
superelevated  for  a  speed  of  9  miles  per  hour.  The 
greater  load  which,  under  this  condition,  would  be 
thrown  upon  the  outer  wheel,  is  doubtless  the  cause  of 
the  greater  breakage  which  is  shown  by  Table  5  to  have 
occurred  in  the  outer  wheel  strip  under  the  plain 
solid-tired  traffic.  In  the  tests  made  with  nonskid 
chains  on  the  rear  wheels  the  speed  of  the  trucks  was 
reduced  to  9  miles  per  hour  and  it  will  be  seen  from  the 
table  that  the  breakage  in  the  two  wheel  strips  in  this 
phase  of  the  test  was  more  nearly  equal. 


Table  5.- 


-Transverse    breakage    occurring    in    the    2-inch    brick 
sections  under  the  outer  and  inner  wheels 


Number  o(  brick 

broken  trans- 

versely 

Speed 

Rated 
load 

Number 
of  trips 

Inner 

Outer 

wheel 

wheel 

Tons 

Plain  solid  tires 

12  miles  per  hour.. 

3 
5 

10,000 
10,000 

0 
o 

0 

34 

7H 

10,000 

19 

149 

m 

10, 000            10 

63 

Nonskid  chains  on  plain 

9  miles  per  hour... 

3 

10,000 

45 

18 

solid  tires. 

5 

10,000 

20 

22 

7K2 

2,200 

12 

4 

CONDITION    OF    THE    TEST    PAVEMENT    AFTER    COMPLETION    OF 
ACCELERATED    TESTS 

Although  the  amount  of  transverse  breakage  has 
been  taken  as  the  criterion  of  the  relative  service  of  the 
several  thicknesses  of  brick  it  must  be  understood  that 
the  transverse  breakage  alone  did  not  materially  affect 
the  condition  of  the  pavements.  The  broken  portions 
remained  in  position,  and  under  the  plain-solid-tired 
traffic  did  not  ravel  or  scale  at  the  cracks  except  in  the 
2-inch  sections.  The  number  of  brick  broken  during 
the  entire  test  was  less  than  the  number  that  would 
ordinarily  be  broken  during  the  rolling  of  a  brick 
pavement. 

Figures  6  to  10,  inclusive,  show  the  condition  of  the 
several  brick  sections  at  the  completion  of  the  plain- 
solid-tired  traffic;  and  it  will  be  observed  that  the  dam- 
age in  all  sections  was  practically  limited  to  transverse 
breakage.  Practically  all  the  cobbling  resulted  from 
the  operation  of  the  traffic  equipped  with  nonskid 
chains,  and  the  greater  part  occurred  during  the  early 
stages  of  this  traffic.     It  seemed  that  after  the  corners 


of   the  brick  had   become  slightly  rounded,   further 
rounding  took  place  very  slowly.     The  spacing  between 


2-Inch  Brick  on  Sand  Bedding 


2-Inch  Brick  on  Sand-Cement  Bedding 


Close-up  View  of  2-inch  Brick  on  Sand-Cement  Bedding 


jtig_  e. Condition  of  the  2-Inch  Brick  Surface  After  the 

Completion  of  the  Plain-Solid-Tired  Traffic.  Broken 
Brick  are  Marked  with  White  Painted  Symbols  the 
Shape  of  Which  Indicates  the  Amount  of  Traffic  Which 
has  Passed  CHer  the  Section  Up  to  the  Time  the  Break 
Occurred.     For  Explanation  of  Symbols  see  Table  4 

the  brick  appeared  to  be  a  controlling  factor  in  the 
amount  of  cobbling  which  took  place;   and  brick  laid 
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Fig.  7. — Condition  of  the  2J^-Inch  Brick  Section  Laid  on 
Sand  Bedding  After  Completion  of  the  Plain-Solid- 
Tired  Traffic 


Fig.  8. — Condition  of  the  3-Inch  Brick  Section  After 
Completion  of  the  Plain-Solid-Tired  Traffic.  There 
Was  No  Apparent  Difference  Between  the  Sections 
on   Sand   and   Cement-Sand   Bedding  Courses 


Fig.  9. — Condition  of  the  33^-Inch  Brick  Section  After 
Completion  of  the  Plain-Solid-Tired  Traffic.  There 
Was  No  Apparent  Difference  in  the  Sections  Laid 
On  the  Two  Bedding  Courses 


Fig.  10. — Condition  of  the  4-Inch  Brick  Section.  In  This 
Case  Also  There  Was  No  Apparent  Difference  Between 
the   Sections   on   the    Two   Bedding  Courses 

with  a  wide  spacing  consistently  showed  greater  cob- 
bling. Edges  of  the  cracks  formed  in  broken  bricks 
were  rounded  about  the  same  amount  as  the  original 
edges  of  the  brick. 

The  condition  of  the  brick  in  the  several  sections 
after  the  completion  of  the  chain-equipped  traffic  is 
shown  in  Figures  11,  12,  and  13.  It  will  be  noted  that 
very  little  difference  is  apparent  between  the  condition 
of  the  2^,  3,  33^,  and  4  inch  brick  sections,  all  being 
in  almost  perfect  condition  at  the  completion  of  the 
traffic  test.  The  sections  of  2-inch  brick,  on  the  other 
hand,  show  marked  effects  of  the  heavy  traffic. 

TEST  TRAFFIC  COMPARED  WITH  TRAFFIC  ON  ACTUAL  HIGHWAYS 

It  will  be  seen  from  the  tonnage  curve  in  Figure  5 
that  a  total  of  62,200  trucks  passed  over  the  30-inch 
strips  of  the  test  pavements,  that  about  one-third  of 
these  were  equipped  with  the  heavy  nonskid  chains, 
and  that  the  total  tonnage  moved  during  the  period  of 
the  test  amounted  to  approximately  630,000  tons. 

A  quantitative  comparison  of  the  traffic  applied  to 
the  test  sections  with  the  actual  traffic  using  a  few 
heavy-traffic  highways  is  made  possible  by  the  studies 
previously  made  by  the  Bureau  of  Public  Roads  of  the 
transverse  distribution  of  truck  traffic  on  paved  high- 
ways of  various  widths.1  Using  the  data  from  these 
studies  it  is  possible  to  estimate  the  maximum  concen- 
tration of  actual  traffic  on  a  strip  of  any  given  width 
in  terms  of  a  percentage  of  the  total  traffic.  Applying 
these  percentages  to  the  known  traffic  on  certain 
heavily  traveled  highways  it  is  possible  to  approxi- 
mate the  maximum  amount  of  traffic  passing  over  a 
strip  of  these  highways  2}/£  feet  wide  corresponding 
to  the  width  of  the  traffic  lanes  on  the  test  track. 

For  purposes  of  comparison  in  this  manner  certain 
highways  in  Cook  County,  111.,  have  been  selected. 
According  to  the  survey  of  traffic  on  the  highways  of 
the  county  made  by  the  Bureau  of  Public  Roads  and 
local  authorities,2  the  truck  traffic  on  these  highways, 
shown  in  Table  6,  is  the  heaviest  to  be  found  on  any 
highways   in   the   county.     It  is  interesting   to   note, 

1  Transverse  Distribution  of  Motor  Vehicle  Traffic  on  Paved  Highwavs,  by  J.  T. 
Pauls,  Public  Roads,  vol.  6,  No.  1,  March,  1925. 

2  Highway  Traffic  and  the  Highway  System  of  Cook  County,  111.,  by  the  Bureau 
of  Public  Roads  and  the  Cook  County  Highway  Department. 
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therefore,  that  the  traffic  of  trucks  of  the  several  ca- 
pacities applied  to  the  test  track  is  equivalent  to  the 
corresponding  traffic  over  these  highways  in  periods 
of  from  2  to  146  years,  as  shown  by  Table  7.  In  terms 
of  total  tonnage  the  test  traffic  is  equivalent  to  five- 
years  of  traffic  on  the  most  heavily  traveled  of  these 
important  motor  truck  arteries. 

Table  6. — Daily  loaded  truck  traffic  on  several  highways  in  Cook 
County,  III,  1925 


Name  of  highway 


Waukegan  Road 
Do 

Lincoln  Avenue. 
Dempster  Street. 
Halsted  Street... 
Ogden  Avenue-. 


Width 

of 
pave- 
ment 


Feet 
18 
18 
18 
18 
18 
24 


Capacity  of  trucks 


3  to  4  tons 


No. 


Ton- 
nage 


143 
150 
105 
23 
240 
570 


5  to  5H  tons 


No. 


Ton- 
nage 


190 
599 
242 
63 
368 
305 


6  to  7M  tons 


No. 


Ton- 
nage 


120 
45 

135 
15 
15 
45 


Total 
ton- 
nage 


450 
794 
482 
101 
623 
920 


Table  7. — Length  of  time  required  for  selected  pavements  in  Cook 
County,  III.,  to  carry  on  two  30-inch  strips,  traffic  in  number  of 
vehicles  and  tonnage  equivalent  to  that  applied  to  the  test  pavement 


Capacity  of  trucks 

Name  of  highway 

3  to  4  tons 

5  to  5lA  tons 

6  to  V/2  tons 

By 
total 
ton- 

By 

trips 

By  ton- 
nage 

By 

trips 

By  ton- 
nage 

By 
trips 

By  ton- 
nage 

age 

Waukegan  Road 

Waukegan  Road 

Lincoln  Avenue 

Years 

9 

44 

4 

2 

Years 
7 
7 
9 
44 
4 
2 

Years 
7 
2 
6 
22 
4 
5 

Years 
7 
2 
6 
22 
4 
5 

Fears 
18 
48 
16 
146 
146 
57 

Years 
18 
48 
16 
146 
146 
57 

Years 
9 
5 
9 

Dempster  Street 

Halsted  Street 

45 

7 

Ogden  Avenue. 

5 

In  the  above  evaluation  of  the  traffic  applied  to  the 
test  sections  only  a  few  of  the  most  important  truck- 
carrying  highways  were  used  for  comparison.  A  more 
equitable  comparison  would  probably  be  obtained  were 
we  to  use  the  average  of  the  truck  traffic  on  the  Cook 
County  highway  system.  Compared  in  this  way  the 
traffic  on  the  test  sections  is  shown  by  Table  8  to  be 
equivalent  to  the  average  traffic  using  all  highways  in 
the  county  in  18  years,  and  the  test  traffic  of  6  to  73^ 
ton  trucks  to  be  equivalent  to  the  corresponding  actual 
in  70  years. 

Table  8. — Average  trips  and  tonnage  of  the  several  sizes  of  trucks 
passing  over  the  highways  of  Cook  County,  III.,  and  the  time  value 
of  the  test  traffic,  based  on  an  18-foot  two-way  pavement 


Capacity  of  trucks 


3  to  4  tons 

5  to  hYi  tons.. 

6  to  7H  tons.. 
All  capacities. 


Average  truck  traffic 
on  Cook  County 
highways 


Trucks  per 
day 


16 


Approxi- 
mate ton- 
age 


121 
95 
30 

246 


Duration 
of  actual 

traffic 
equivalent 
to  that 
on  test 
sections 


Years 


Both  the  plain-tired  and  the  nonskid-chain-equipped 
traffic  applied  to  the  test  pavement  was  used  in  making 


the  comparison  shown  in  Tables  7  and  8.  To  obtain  a 
comparison  of  that  portion  of  the  test  traffic  equipped 
with  chains  with  similar  traffic  on  actual  highways,  it 
is  necessary  to  make  an  estimate  of  the  portion  of  the 
year  during  which  such  traffic  passes  over  the  highways. 
It  is  believed  that  by  estimating  the  yearly  duration  of 
this  type  of  traffic  at  two  months,  ample  time  is  allowed 
to  cover  the  most  severe  conditions.  On  this  or  any 
other  reasonable  basis  of  comparison  it  will  readily  be 
seen  that  the  test  traffic  with  chains  was  far  greater 
than  any  that  could  possibly  come  on  any  actual  high- 
way during  the  life  of  the  pavement. 

THE  RESULTS  OF  THE  PHYSICAL  TESTS   OF  THE   BRICK 

The  quality  of  the  brick  used  in  the  several  test  sec- 
tions is  shown  by  the  results  of  the  physical  tests  re- 
corded in  Table  3.  These  tests  indicate  that  the  brick 
used  in  the  test  pavement  were  of  about  average  quality, 
though  some  difference  appears  to  exist  in  the  quality 
of  the  different  sizes. 

Rated  according  to  their  moduli  of  rupture  and  crush- 
ing strength  the  test  results  indicate  the  order  in 
quality  of  the  different  sizes  to  be  as  follows:  2H-inch 
(best);  33/2-inch;  4-inch;  3-inch;  2-inch  (poorest). 

The  rattler  losses,  on  their  face,  indicate  a  different 
order;  but  it  has  long  been  recognized  that  for  brick  of 
equal  quality  but  different  in  size,  the  comparative 
rattler  losses  are  not  directly  proportional  to  the 
differences  in  weight.  Engineers  have  recognized  the 
injustice  of  specifying  the  same  percentage  of  wear  for 
different  thicknesses,  and  have  adopted,  very  generally, 
the  practice  of  allowing  some  tolerance  for  the  thinner 
brick  in  comparing  their  rattler  loss  with  that  specified 
for  the  thicker  brick. 

It  is  apparent  that  the  loss  hi  the  brick  undergoing 
the  rattler  test  is  more  nearly  a  function  of  the  total 
length  of  edge  than  of  the  weight  of  the  brick.  In 
view  of  the  increasing  use  of  the  thinner  brick,  it 
would  seem,  therefore,  that  some  modification  in  the 
standard  rattler  test  should  be  made  so  as  to  make  it 
applicable  to  sizes  of  brick  differing  from  that  of  the 
original  standard  block.  Until  such  a  modification  is 
adopted,  however,  it  will  be  necessary  to  correct  the 
observed  losses  for  the  various  sizes  of  brick  so  as  to 
convert  them  to  a  comparable  basis. 

Applying  the  corrections  recently  suggested  by  the 
Bureau  of  Public  Roads,3  to  the  rattler  losses  of  the 
various  sizes  as  shown  in  Table  3,  the  order  of  quality 
of  the  different  sizes  of  brick  used  in  these  tests  is 
brought  into  conformity  with  that  indicated  by  the 
modulus  of  rupture  and  crushing  strength  tests. 

The  results  of  the  compression  test  made  on  the 
brick  taken  from  the  test  pavement  after  the  com- 
pletion of  all  traffic  are  given  in  Table  4.  In  making 
this  test  it  was  hoped  to  correlate  the  result  of  this 
test  with  service  behavior.  Comparing  the  crushing 
strength  of  the  different  brick  with  their  condition 
after  the  test,  it  will  be  noted  generally  that  good 
conditions  both  as  to  rounding  and  breakage  were 
characteristic  of  the  bricks  giving  the  higher  crushing 
results,  while  broken  or  badly  rounded  brick  gave 
consistently  lower  values. 

A  striking  point  noticed  in  the  data  from  the  com- 
pression tests  on  the  brick  which  had  carried  traffic  was 
the  consistently  lower  value  obtained  from  this  test  as 

a  Eflect  of  Size  of  Brick  on  Rattler  Loss,  by  F.  H.  Jackson,  Public  Roads,  vol.  7, 
No.  5,  July,  1926. 
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compared  with  the  result  of  the  same  test  on  brick 
that  had  not  been  subjected  to  the  heavy  test  traffic. 
It  was  first  thought  that  this  might  be  an  indication 
of  fatigue  in  those  brick  which  had  carried  the  heavy 


did  not  agree  with  those  obtained  in  the  former  series 
of  tests.  It  appeared  that  the  difficulty  might  be, 
and  probably  was,  due  to  the  failure  of  the  capping 
the  worn  brick.     Accordingly  transverse  bending 


on 


2-Inch  Brick  or  Sand-Cement  Bedding 


2-Inch  Brick  or  Sand  Bedding 


2>^-Inch  Brick 


3-Inch  Brick 


3J^-Inch  Brick 


4-Inch  Brick 


Fig.  11. — Looking  Down  on  the  Several  Sections  After  Completion  of  the  Chain-Equipped  Traffic.  None  but  the 
2-Inch  Brick  Showed  Sufficient  Breakage  to  Justify  a  Conclusion  as  to  the  Effect  of  the  Type  of  Bedding. 
For  Explanation  of  Symbols  see  Table  4 


continuous  traffic  of  the  test.  In  order  to  obtain  more 
data  on  this  point  additional  tests  were  made.  At 
first,  a  series  of  check  compression  tests  was  run. 
These  test  data,   although  consistent  in   themselves, 


tests  were  run  on  brick  which  had  carried  traffic  and 
on  those  which  had  not  and  these  results  did  not 
showthe  reduction  in  strength  indicated  by  the  com- 
pression tests. 


September,  1926 
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THE   FIELD   SURVEY 


By  making  a  condition  survey  of  thin-brick  pave- 
ments in  actual  service,  and  by  obtaining  information 
from  local  engineers  and  highway  officials  regarding 


Pavements  in  which  brick  less  than  3  inches  in  depth 
have  been  in  service  for  a  considerable  length  of  time 
are  practically  limited  to  portions  of  Texas,  Louisiana, 
Oklahoma,  and  Nebraska.     The  field  survey  was  thus, 


^^■1  ■  ■ 


2-Inch  Brick  on  Sand-Cement  Bedding 


:h  Brick  on  Sand  Bedding 


2J/£-Inch  Brick  on  Sand-Cement  Bedding 

mmszm 


2J^-Inch  Brick  on  Sand  Bedding 


3-Inch  Brick  on  Sand-Cement  Beddinq 


3-Inch  Brick  on  Sand  Bedding 


3^-Inch  Brick  on  Sand-Cement  Bedding 
■  I  H 


33/2-Incii  Brick  on  Sand  Bedding 


4-Inch  Brick  on  Sand-Cement  Bedding 


4-Inch  Brick  on  Sand  Bedding 


Fig.  12.-Looking  Across  the  Several  Sections  After  Completion  of  the  Chain-Tired  Traffic,  Showing  the  Break- 
age and  Degree  of   Cobbling 


such  factors  as  construction,  age,  climatic  conditions, 
traffic,  and  maintenance,  it  has  been  possible  to  arrive 
at  some  conclusion  as  to  the  merits  of  the  thinner 
paving  brick  in  actual  service. 
7594—  26f 2 


of  necessity,  confined  to  this  section.  Every  effort  was 
made  to  obtain,  through  consultation  with  local  engi- 
neers and  highway  officials,  accurate  information 
regarding   all    conditions   which   might   influence    the 
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behavior  of  each  pavement,  and  also  their  views  as  to 
the  adequacy  of  the  particular  pavement  to  meet  the 
traffic  requirements. 

Special  attention  was  paid  to  the  effect  of  the  first 
attempt  at  using  thinner  brick  on  the  subsequent  policy 
with  regard  to  brick  thickness,  using  this  criterion  as  a 
measure  of  the  sufficiency  of  the  design.  The  first 
thin  brick  pavement  laid  in  a  community  in  many 
cases  can  be  classed  as  an  experiment  but  similar  con- 
struction later  may  be  taken  as  an  expression  of  the 
satisfaction  of  the  community  with  the  type  of  con- 
struction. 


Fig.  13. — Brick  of  the  Different  Sizes  Taken  from  the 
Test  Pavement  After  Traffic.  The  Group  Shows  the 
Extreme  Variations  in  the  Condition  of  the  Brick 
After  the  Service  Tests 

This  survey  involved  a  detailed  inspection  of  the 
condition  of  several  million  square  yards  of  pavements 
in  which  brick  of  2J^  and  2x/i  inch  thickness  were  used. 
Data  on  age,  type  of  construction,  type  of  traffic, 
maintenance,  and  other  influencing  factors  were  ob- 
tained for  each  pavement  inspected. 

OBSERVATIONS   MADE  DURING   THE  FIELD   STUDY 

The  following  paragraphs  give  condensed  information 
with  regard  to  the  condition  of  the  brick  pavements 
inspected  which  were  built  with  brick  under  3  inches  in 
thickness.  The  condition  reported  is  that  which 
existed  in  February,  1926. 

Greenville,  Tex. — Located  in  the  black  waxy  soil 
area,  an  unusually  bad  subgrade  condition.  This  was 
the  first  city  to  lay  brick  flat,  and  to  use  bricks  of  234- 
inch  thickness. 

Approximately  12,000  square  yards  of  2^-inch  re- 
pressed brick  was  laid  on  Main  Street  during  1905-06. 
The  brick  were  laid  on  a  5-inch  pit-run-gravel  concrete 
base,  and  l^-inch  sand  cushion  with  a  filler  of  1:2 
grout. 

This  pavement  has  had  heavy  traffic,  a  large  amount 
of  which  has  been  in  steel-tired  vehicles.  Very  little 
breaking,  rounding,  or  cobbling  has  taken  place,  the 
pavement  being  in  excellent  condition  except  at  a  few 
places  where  breaks  in  the  base  have  occurred  (fig.  14). 

Approximately  90,000  square  yards  of  brick  pave- 
ment was  laid  during  1914,  using  2^-inch  wire-cut, 
vertical-fiber  brick.  The  construction  consisted  of  a 
4-inch  concrete  (1:7  pit-run  gravel)  base,  1 3^-inch  sand 
bedding,  and  asphalt  filler  (penetration  57). 

These  pavements  were  in  nearly  perfect  condition 
although  they  had  received  no  maintenance  except  at 
a  few  locations  where  failures  in  the  base,  brought  on 
by  the  unusual,  unstable  subgrade,  had  occurred. 

Sulphur  Springs,  Tex. — Better  subgrade  conditions 
than  at  Greenville.  Paved  streets  carry  traffic  occa- 
sioned by  surrounding  rich  agricultural  area  (fig.  15). 


Approximately  60,000  square  yards  of  2^2-inch  brick 
were  laid  on  Main  Street  and  Square  during  1915.  The 
construction  was  4-inch  concrete  (1:7  pit-run  gravel) 
base,  1-inch  sand  bedding,  and  asphalt  filler  (penetra- 
tion 57). 

The  condition  of  these  pavements  was  nearly  perfect; 
very  few  brick  had  broken  and  very  little  cobbling  had 
taken  place.  They  had  received  no  maintenance  ex- 
cept on  a  short  portion  of  Main  Street  where  additional 
asphalt  filler  had  been  recently  applied. 

Connolly  Street  paved  with  3-inch  brick  during  1915 
appeared  to  be  in  no  better  condition  than  the  2^-inch 
brick  laid  during  the  same  year. 

Tyler,  Tex. — This  city  is  located  in  the  iron-ore  belt. 
The  soil  should  make  a  very  stable  subgrade  for  any 
type  of  pavement.  The  traffic  on  some  of  the  strreets 
is  fairly  heavy. 

A  considerable  number  of  3-inch  brick  were  laid  dur- 
ing 1920  on  a  natural  soil  base  and  some  on  old  water- 
bound  macadam  surface.  Both  types  of  pavement 
were  in  nearly  perfect  condition,  although  they  had 
had  no  maintenance  prior  to  the  date  of  inspection. 


/  


Fig.  14.  -Main  Street,  Greenville,  Tex.     Detail  View  of 
the  'i'^-lNCH  Repressed  Brick  Surface   Laid   1905  (Mi 

When  the  inspections  were  being  made  140,000  square 
yards  of  23^-inch  brick  pavement  was  being  laid  on 
several  streets  of  the  city,  the  new  pavements  being 
laid  on  4-inch  concrete  (1:6  pit-run  gravel)  base,  with 
a  1-inch  sand  bedding  and  asphalt  filler. 

The  Cotton  Belt  Railroad  has  built  2^-inch  brick 
pavements  on  6-inch  concrete  base  along  the  unloading 
tracks  in  its  freight  yards. 

Temple,  Tex. — This  city  is  in  the  black  waxy  soil  area. 
The  surrounding  country  is  a  rich,  agricultural  district 
and  traffic  on  many  of  the  city  streets  is  heavy. 

Approximately  40,000  square  yards  of  23^-inch  brick 
were  laid  on  Main  and  other  streets  during  1915.  The 
construction  was  as  follows:  4  to  5  inches  of  concrete 
(1:8  pit-run  gravel)  base,  1-inch  sand  bedding  and 
asphalt  filler.  The  condition  of  these  pavements  at  the 
time  of  the  inspection  was  good,  although  some  failures 
had  occurred  in  the  bases  apparently  from  bad  subgrade 
conditions  (fig.  16). 

From  1923  to  1925,  60,000  square  yards  of  2^-ineh 
brick  were  laid,  the  construction  being  the  same  as  in 
1915,  using  the  4-inch  concrete  base  on  residential 
streets  and  5  inches  on  business  streets. 
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Fig.  15.- 


-Public  Square,  Sulphur  Springs,  Tex.     Two  and  One-Half-Inch  Brick  Laid  in  1'. 
Base  with  1-Inch  Sand  Bedding  and  Asphalt  Filler 


on  a  4-Inch  Concrete 


Prior  to  1923  some  of  the  pavements  constructed 
were  built  of  3-inch  brick;  since  then  only  the  21^-inch 
size  has  been  used.  No  difference  in  the  condition  of 
streets  paved  with^the  3*and22^inch  brick  was  appar- 
ent at  the  time  of  the  inspection. 

Fort  Worth,  Tex.— This  city  is  using  23^-inch  brick 
on  residential  and  outer  business  streets.  The  con- 
struction is  5-inch  (1:3:5)  concrete  base,  1-inch  sand 
bedding  and  asphalt  filler. 

Victory  Boulevard  was  paved  during  1925  with  2}/£- 
inch  brick,  laid  on  a  5-inch  (1:3:5)  concrete  base 
with  1-inch  (1:4  cement-sand)  bedding  and  asphalt, 
filler  (penetration  57).  This  street  has  a  very  heavy 
truck  traffic  to  and  from  the  wholesale  district  of  the 
city.  The  condition  of  the  pavement  was  nearly 
perfect  when  inspected  and  no  ill  effect  of  the  heavy 
truck  traffic  was  visible. 

Okmulgee,  OJcla. — A  great  deal  of  oil  field  traffic  is 
carried  over  the  city  streets.  The  old  brick  pavements, 
in  particular,  have  been  subjected  to  a  large  amount  of 
steel-tired  traffic. 

•From  1916  to  1923,  220,000  square  yards  of  2^-inch 
brick  was  laid  on  4J^  to  5  inch  (1:3:5)  concrete  base, 
with  1 3^-inch  sand  bedding  and  asphalt  filler.  Most  of 
these  pavements  were  in  good  condition  when  inspected 
and  had  required  no  surface  maintenance.  The  portion 
built  during  1916  was  of  a  local  and  inferior  brick  and  it 
had  cracked  and  cobbled  badly. 


About  30,000  square  yards  of  3-inch  brick  was  laid 
during  1921.     None  of  this  size  has  been  laid  since. 

Henryetta,  OJcla. — The  streets  in  this  city  carry  heavy 
traffic  to  and  from  the  surrounding  oil  and  coal  fields. 

During  1918,  1920,  1922,  and  1923,  200,000  square 
yards  of  23^-inch  brick  were  laid  on  5-inch  (1:3:5) 
concrete  base,  with  1-inch  bedding  and  asphalt  filler. 
These  pavements  were  in  perfect  condition  and  had 
received  no  surface  maintenance. 

About  25,000  square  yards  of  3-inch  brick  were  laid 
during  1917.  This  portion  had  been  refilled  with 
asphalt;  and  no  brick  of  this  thickness  had  since  been 
laid. 

WetumJca,  OJcla. — The  streets  carry  heavy  oil  and 
cotton  traffic. 

About  12,000  square  yards  of  3-inch  brick  and  50,000 
square  yards  of  2^-inch  were  laid  during  1924  and 
1925.  The  construction  was:  5-inch  (1:3:5)  con- 
crete base,  1-inch  sand  bedding  and  asphalt  filler 
(penetration  55).  An  excessive  quantity  of  filler  was 
used  during  construction  and  was  still  on  the  surface 
when  inspected.  Shoving  and  peeling  of  this  mat  will 
very  likely  cause  a  rough  surface. 

OJceemah,  OJcla.— -The  principal  streets  carry  heavy 
traffic  from  the  surrounding  oil  fields. 

About  35,000  square  yards  of  23^-inch  brick  were 
laid  during  1920.  The  construction  was:  5-inch 
(1:3:5)   concrete    base,     1-inch    sand    bedding,    grout 
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Main  Street — 2J/£-Inch  Brick  on  a  5-Inch  Concrete  Base, 
1-Inch  Sand  Bedding  and  Asphalt  Filler 


Residential  Street — 2}^-Inch  Brick  on  a  4-Inch  Concrete 
Base,  1-Inch  Sand  Bedding  and  Asphalt  Filler 

Fig.  16. — Condition  of  Brick  Laid  at  Temple,  Tex.,  in  1915 
on  Main  Street  and  a  Residential  Street 

filler  on  a  portion  of  Main  Street  and  asphalt  on  the 
other  pavements.  These  streets  were  in  nearly  perfect 
condition  when  inspected  in  February  1926  (fig.  17). 

Oklahoma  City,  OMa. — About  one-half  mile  of  18-foot 
pavement  was  laid  with  23^-inch  brick  during  1918. 
This  pavement  is  on  the  main  entrance  to  the  city  and 
carries  very  heavy  traffic.  The  construction  was: 
4-inch  (1:3:6)  concrete  base  with  monolithic  4-inch 
concrete  curbs,  1-inch  sand  bedding,  and  asphalt  filler. 
It  was  in  nearly  perfect  condition,  there  being  very  few 
broken  bricks  and  very  little  cobbling.  It  had  had  no 
surface  maintenance  (fig.  18). 

Oklahoma  County,  OMa. — The  county  is  building  5 
miles  of  18-foot  brick  pavement  using  2J^-inch  brick  on 
the  same  approach  to  Oklahoma  City.  The  construc- 
tion is:  5-inch  (1:3:5)  concrete  base  with  6-inch 
monolithic  curbs.  The  base  is  being  built  with  a 
floated  finish,  and  1-inch  asphalt-filled  transverse 
expansion  joints  are  being  put  in  the  base  about  every 
40  feet.  A  three-fourth  inch  thickness  of  sand  bedding 
is  used. 

Ponca  City,  OMa. — Streets  in  this  city  have  unusually 
heavy  traffic  because  of  the  large  oil  and  refining 
industry  which  centers  in  and  around  the  city.  The 
main  streets  are  said  to  have  greater  traffic  than  any 
other  city  streets  in  Oklahoma. 

Only  23/2-inch  brick  have  been  used  in  this  city,  and 
of  these  about  500,000  square  yards  have  been  laid 
since  1919,  including  50,000  square  yards  on  Main 
street  during  1919,  38,000  square  yards  during  1921 


on  an  old  7-inch  macadam  surface,  and  4,000  square 
yards  on  a  new  7-inch  macadam  during  1924.  All 
these  pavements  were  in  almost  perfect  condition  and 
had  had  no  maintenance  up  to  the  date  of  the  inspec- 
tion. 

Prior  to  1921  the  pavements  were  laid  on  a  1:5 
cement-sand  mortar  base.  For  this,  in  the  pavements 
built  during  1921  and  later,  there  has  been  substituted 
a  4-inch  (1:3:5)  concrete  base.  In  all  pavements  the 
bedding  course  has  been  1  inch  of  sand,  and  the  filler 
has   been   39-penetration   asphalt.     These  have  been 


Fig.  17. — Detail  View  Showing  Condition  in  February, 
1926,  of  the  23^-Inch  Brick  Laid  at  Okeemah,  Okla.,  in 
1920  on  a  5-Inch  Concrete  Base  with  Grout  Filler 


Fig.  18. — Detail  View  of  the  Condition  in  February,  1926, 
of  the  23^-Inch  Brick  Laid  on  the  Main  Approach  to 
Oklahoma  City.  The  Brick  were  Laid  in  1918  on  a 
4-Inch  (1:3:6)  Concrete  Base  and  I^-Inch  Sand  Bed- 
ding with  Asphalt  Filler 

used  with  the  macadam  bases  also.  In  preparing  the 
old  macadam  a  certain  amount  of  shaping  was  neces- 
sary. 

Tonkawa,  OMa. — This  city  is  in  the  oil-field  area  and 
the  principal  streets  have  very  heavy  traffic.  About 
35,000  square  yards  of  2^-inch  brick  were  laid  during 
1919  on  Main  Street  and  about  75,000  square  yards  of 
the  same  size  were  laid  during  1922  and  1924.  The 
portion  built  during  1919  was  laid  on  a  4-inch  (1:4 
cement-sand  mortar)  base,  with  lj^-inch  sand  bed- 
ding and  1 :  3  grout  filler.  Asphalt  was  used  as.  a 
filler  in  the  later  work.  Expansion  joints  were  placed 
in  the  surface  every  20  to  30  feet.  No  difference  in  the 
condition  of  the  grout-filled  and  asphalt-filled  surfaces 
was  apparent  (fig.  19). 

Blackwell,  OMa. — There  is  heavy  traffic  on  all  the 
principal  streets. 
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About  1^2  miles  south  of  the  city  on  the  main  high- 
way north  and  south,  1,000  linear  feet  of  18-foot 
frozen  concrete  pavement  was  surfaced  with  23^-inch 
brick  during  1920.     This  surface  is  in  perfect  condition. 

Two  hundred  thousand  square  yards  of  the  same 
size  brick  were  laid  during  1914,  the  construction 
being  4-inch  (1:5  cement-sand  mortar)  base,  1-inch 
sand  bedding  and  cement-grout  filler.  Transverse 
expansion  joints  were  put  in  the  grout-filled  surface 
every  40  feet. 

During  and  since  1922,  125,000  square  yards  of 
23^-inch  brick  have  been  laid,  and  in  this  construction 
asphalt  (penetration  39)  has  been  used  in  place  of 
grout  as  a  filler. 

All  these  surfaces  were  in  excellent  condition  when 
inspected,  very  few  broken  brick  being  noted. 


Fig.  19. — Detail  View  of  2J^-Inch  Brick  Laid  During 
1919  on  Main  Street,  Tonkawa,  Okla.  The  Photograph 
Shows  the  Condition  of  this  Pavement  in  February, 
1926.  It  was  Laid  on  a  4-Inch  Mortar  (1:4)  Base  and 
IJ^-Inch  Sand  Bedding  with  Grout  Filler 

Texarlcana,  Tex. — Approximately  30,000  square 
yards  of  2  34-inch  brick  were  laid  on  the  important 
streets  during  1922.  The  construction  was  6-inch 
concrete  base,  j^-inch  sand  bedding  and  asphalt 
filler  of  penetration  ranging  from  54  to  45.  An  ex- 
cessive quantity  of  filler  was  applied  on  practically  all 
of  this  construction,  the  asphalt  mat  on  many  streets 
having  a  thickness  of  as  much  as  one-half  inch.  Some 
peeling  and  shoving  of  this  material  has  occurred  in 
places,  and  further  difficulties  arising  from  this  condi- 
tion may  be  expected  to  occur  for  a  long  time. 

A  large  number  of  3-inch  brick  have  been  laid  on 
6  and  7  inch  compacted  gravel  base.  A  thick  mat  of 
asphalt  filler  similar  to  that  found  on  the  thin  brick 
pavement  covered  the  surface  at  the  time  of  inspection 
and  similar  peeling  and  shoving  were  observed. 

All  the  brick  pavements  in  this  city  have  been  laid 
during  the  last  four  years.  At  the  time  of  this  inspec- 
tion there  was  nothing  to  indicate  that  the  thinner  brick 
was  giving  any  less  satisfactory  service  than  the  3-inch 
type. 

Omaha,  Nebr— This  city  laid  2j^-inch  brick  on 
Parker  Street  during  1915.  The  construction  was: 
5-inch  (1:3:6)  concrete  base,  l^-inch  sand  bedding 
and  asphalt  filler. 

This  street  carries  residential  traffic.  The  surface 
was  found  to  be  in  excellent  condition,  very  few  breaks 
and  very  little  rounding  having  taken  place.  The  only 
maintenance  required  prior  to  the  inspection  was 
occasioned  by  three  blow-ups  occurring  in  the  base. 


THE  INDICATIONS  OF  THE  FIELD  STUDY  SUMMARIZED 

A  steady  growth  in  the  use  of  brick  of  less  than  3-inch 
depth  is  shown  by  the  field  survey.  Numerous  com- 
munities were  found  which  have  adopted  the  thinner 
brick  for  use  on  some  or  all  of  their  streets.  Although 
the  earlier  work  may  be  classed  as  experimental,  as 
indicated  by  the  small  quantities  put  down  and  by  the 
type  of  street  selected  for  paving,  subsequent  paving 
with  the  thin  brick  in  larger  quantities  and  on  streets 
carrying  heavier  traffic  may  well  be  taken  as  an  expres- 
sion of  the  satisfaction  of  the  community  with  pave- 
ments of  this  type. 

Table  9  shows  a  summary  of  data  from  some  of  the 
cities  covered  by  the  field  survey  in  which  brick  of  less 
than  3-inch  thickness  are  used  almost  exclusively,  which 
indicate  these  tendencies. 

The  pavements  built  with  2^-inch  brick,  in  most 
cases,  were  in  good  condition.  In  a  few  localities 
failures  had  occurred  in  the  base  causing  displacement 
in  the  brick.  It  was  particularly  noted  that  in  such 
cases  displacement  in  the  brick  had  taken  place  without 
breakage.  This  was  found  to  be  true  also  for  the  brick 
over  transverse  and  longitudinal  cracks.  Extreme 
cases  of  base  failures  with  effect  on  the  brick  are  shown 
in  Figures  20  and  21. 

In  general,  the  brick  surfaces  were  found  to  have  had 
very  little  maintenance,  except  at  places  where  failure 
had  occurred  in  the  base.  A  portion  of  the  brick 
pavement  laid  on  Main  Street,  Henryetta,  Okla., 
during  1917,  was  refilled  with  asphalt  during  1925,  as 
the  original  filler  had  been  largely  carried  away  by 
traffic.     Oklahoma  enforces  the  five-year  maintenance 
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Fig.  20. — Condition  of  23^-Inch  Brick  Surface  Laid  at 
Greenville,  Tex.,  in  1914,  as  it  Appeared  in  February, 
1926.  Displacement  of  the  Brick  has  Occurred  Over  a 
Base  Failure  Without  Breaking  the  Brick 

clause  on  new  paving  work,  yet  the  larger  paving 
contractors  declared,  without  exception,  that  no  allow- 
ance is  made  or  need  be  made  in  the  estimated  cost  of 
a  paving  job  to  cover  a  difference' between  maintenance 
costs  of  2 ^2-inch  and  3-inch  brick. 

It  was  found  that  excessive  quantities  of  asphalt 
filler  had  been  used  in  many  sections  of  brick  pavement. 
In  one  locality  the  excess  covered  the  brick  with  a 
thickness  of  as  much'  as  one-half  inch.  Pavements 
where  an  excess  of  asphalt  had  been  used  were  very 
rough,  and  will  probably  continue  to  be  unsatisfactory 
for  a  long  time.  The  importance  of  limiting  the 
quantity  of  asphalt  filler  to  that  required  to  fill  the 
space  between  the  brick  was  strikingly  illustrated  by 
the  unsatisfactory  condition  of  such 'pavements,  a 
typical  example  of  which  is  shown  in  Figure  22. 
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Table  9. — Summary  of  data  of  the  field  survey 


Location 

Thick- 
in."  is  ol 
brick 

Type  of 
brick 

Area 
laid 

Sq.  yds. 

Year  laid 

Character 

of  streets 

paved 

Remarks 

Inches 

Greenville,  Tex. 

2M 

Repressed. 

12, 000 

1905-06 

Main 

First  brick  to 
be  laid  flat. 

Do 

VA 

Wire-cut 
vertical 

90, 000 

1914 

Main 
and  res- 

No 3-inch  brick 

laid. 

fiber. 

iden- 
tial. 

Sulphur 

VA 

...do 

60, 000 

1915 

...do 

Springs,  Tex. 

Do          

3 

...do 

(') 

1915 

...do  ... 

No  3-inch  brick 

laid  since. 

Tyler,  Tex 

3 

...do 

40,  000 

1920 

...do 

Do. 

Do. -. 

m 

3 

...do- 

_..do 

140,  000 

1925 
Before  1923 

...do 

...do-... 

Temple,  Tex... 

Do. 

Do 

2J4 

'-".■ 

...do 

...do 

100,  000 
220,  000 

1915-1925 
1916-1923 

...do 

...do-... 

Okmulgee.Okla 

Do  .. 

3 

3 

do 

...do 

30,  000 
25,000 

Before  1921 
1917 

On 

Main 

Do. 

Hem  wtta.Okla 

Do. 

Do     

-"■. 

...do  

200,000 

1917-1923 

M  a  i  n 
ami  res- 

iden- 

tial. 

\s  etumka,  Okla. 

3 

...do 

12,000 

1921-25 

.Main 

Do. .-- 

.  do 

50  nun 

1924  25 

Residen- 
tial. 

i  ikeemah,  okla 

2M 

...do 

15,000 

1920 

M  a  i  ii 
and  res- 
ide n- 
tial. 

No  3-inch  brick 
laid. 

Ponca,  Okla 

-".> 

...do 

500,000 

1919-1925 

...do... 

Do. 

Tonkawa,  Okla 

2'  • 

..  do 

110,000 

1919-1923 

...do     .. 

Do. 

Blackwell,  Okla 

m 

...do 

325,  000 

1913-14 

...do 

Do. 

1  Not  known. 
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Fig.  21. — The  Base  Failure  Shown  in  this  Photograph  is 
on  a  Residential  Street  of  Temple,  Tex.  The  Brick 
Were  Laid  in  1915  on  a  4-Inch  Concrete  Base.  This 
Pavement  is  in  the  Black  Waxy  Soil  Area.  Note  that 
Displacement  of  the  Brick  has  Occurred  Without 
Breakage 

Some  changes  in  the  construction  features  of  brick 
pavements  have  occurred  since  the  earlier  pavements 
were  laid.  The  bedding  course  of  the  early  surfaces 
was  found  to  range  in  thickness  from  1J^  to  2  inches 
laid  on  a  rough  base.  Later  construction  shows, 
generally,  that  a  M-inch  bedding  has  been  used  on  a 
smoothly  finished  base.  In  a  few  localities  very  fine 
sand  had  been  used  for  bedding,  but,  because  this  type 
of  sand  shows  a  tendency  to  work  up  between  the 
brick  and  because  of  loss  through  cracks  in  the  base, 
coarser  sand  has  been  substituted  as  being  more 
satisfactory. 

The  field  survey  showed  that,  in  general,  brick  laid 
oil  a  thin  bedding  course  with  a  smoothly  finished  base 
maintained  a  smoother  surface  than  those  laid  with  a 
greater  depth  of  sand  on  a  roughly  finished  base. 

The  research  of  the  last  few  years  has  proved  that  the 
destructive  effect  of  motor-truck  impact  is  greatly  re- 
duced by  the  construction  of  smooth  pavement  surfaces. 


The  continued  perfect  alignment  of  the  finished  brick 
surface  is  dependent  to  a  large  degree,  particularly  on 
heavy  traffic  thoroughfares,  on  the  smoothness  with 
which  the  base  course  is  finished  and  the  resulting 
uniformity  of  thickness  and  compaction  of  the  bedding 
course.  Any  slight  increase  in  the  construction  cost  for 
the  purpose  of  obtaining  this  condition  will  be  more 
than  justified  by  the  potential  increase  in  the  life  of 
the  pavement. 


Fig.  22. — The  Importance  of  Limiting  the  Quantity  of 
Asphalt  Filler  to  that  Becuired.to  Fill  the  Spaces 
Between  the  Brick  is  Illustrated  by  the  Condition 
of  this  2J4-Inch  Brick  Pavement  in  Texahkana,  Tex. 
The  Pavement  was  Laid  in   1922 

Cement-sand  grout  filler  was  found  to  have  been 
used  in  the  construction  of  some  of  the  earlier  brick 
[lavements.  Some  of  these  were  built  with  expansion 
joints  in  the  brick  surface,  but  in  the  majority  of  cases 
the  joints  have  been  omitted.  The  need  for  expansion 
joints  with  this  type  of  filler  was  evidenced  by  the  scal- 
ing in  the  surface  of  the  brick  on  many  of  the  pave- 
ments in  which  no  expansion  joints  had  been  provided 
in  the  surface. 

A  wide  range  in  the  type  and  construction  of  base 
used  was  noted  in  the  survey.  Concrete  ranging  from 
4  to  6  inches  in  thickness  and  largely  of  1:3:5  pro- 
portion was  found  to  have  been  used  extensively  in  the 
area  covered,  while  old  and  new  macadam  had  been 
used  satisfactorily  in  many  instances.  One  city  in  the 
iron-ore  belt  was  utilizing  the  iron-ore  soil  with  en- 
tirely satisfactory  results  as  base  for  brick  pavements. 

The  successful  use  of  these  widely  different  types  of 
base  indicates  that  there  is  a  wide  range  of  possibili- 
ties h\base  construction.  Any  material  which  remains 
stable  at  all  times  would  appear  to  make  a  satisfactory 
base  for  a  brick  pavement.  It  is  evident  that  these 
requirements  may  be  met  in  many  cases  by  base  con- 
struction of  the  less  rigid  type.  As  the  function  of  the 
base  is  primarily  to  support  the  allowed  wheel  loads 
without  appreciable  vertical  displacement,  any  type  of 
construction  that  will  meet  this  condition  is  satisfac- 
tory. An  old  macadam  or  other  type  of  surface  that 
has  proved  stable  under  traffic  should  prove  entirely 
satisfactory  as  a  base  for  brick. 

In  a  majority  of  the  locations  covered  in  the  field 
study  no  distinction  was  found  to  have  been  made  in 
the  base  construction  for  brick  of  different  thickness. 
One  exception  was  noted  where  3-inch  brick  had  been 
laid  on  a  compacted  gravel  base  while  concrete  had 
been  used  for  the  234-inch  thickness.  In  this  case  and 
in  others  where  difference  in  the  base  construction  had 
been  made  with  the  use  of  brick  of  different  thickness 
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nothing  was  found  in  the  condition  of  the  pavements 
that  would  indicate  the  need  for  any  variation  in  base 
construction  for  the  different  thicknesses  of  brick  used. 

Traffic. — A  considerable  number  of  the  towns  visited 
were  located  in  the  center  of  oil  fields  and  as  a  result 
severe  traffic  conditions  obtained  on  the  more  impor- 
tant streets.  Formerly  there  was  a  considerable  per- 
centage of  heavy  steel-tired  vehicles  which  have  prac- 
tically been  superseded  by  heavy  motor  trucks.  Al- 
though traffic  records  were  not  available  for  study  it  is 
believed  that  the  traffic  on  the  important  streets  of 
the  cities  visited  was  more  severe  than  that  on  the 
streets  of  many  of  the  larger  cities. 

A  great  deal  of  importance  is  attached,  and  properly 
so,  to  the  views  and  experience  of  resident  engineers 
and  officials  familiar  with  the  use  of  brick  under  3 
inches  in  thickness.  All  of  the  officials  interviewed 
from  those  sections  of  the  country  where  brick  of  less 
than  3-inch  thickness  is  being  used  expressed  them- 
selves as  favorable  to  the  use  of  the  thinner  brick,  some 
with  and  others  without  limitations  as  to  the  type  of 
street  and  traffic.  Many  maintained  that  2^-inch 
brick  would  prove  equally  as  satisfactory  as  the  3-inch 
thickness  under  all  conditions,  and  others  believed 
that  the  2^2-inch  type  should  be  limited  to  use  on  resi- 
dential and  outlying  business  streets. 

The  views  of  three  prominent  engineers  who  are  in- 
timately connected  with  the  use  of  thin  paving  brick 
are  expressed  as  follows: 

Herman  Beal,  City  Engineer,  Omaha,  Nebr. — I  have  com- 
pleted an  investigation  of  a  pavement  in  the  city  built  during 
1915  with  a  2J^-inch  surface.  The  following  information  being 
available: 

Pavement  on  Parker  Street  between  Twenty-ninth  Street  and 
Thirty-third  Street,  30  feet  wide,  containing  5,360  square  yards. 
Base  5  inches  concrete,  1:3:6  mix.     Bituminous  filler. 

This  pavement  is  in  excellent  condition,  the  brick  showing 
practically  no  wear  and  the  surface,  with  the  exception  of  one 
or  two  expansion  bulges,  being  exceptionally  good.  The  traffic 
on  this  street  is  what  might  be  classed  as  medium,  although  oc- 
casionally heavv  truck  loads  are  hauled  thereon. 

Figure"  23  is  a  detail  view  of  the  pavement  described  by  Mr. 
Beal. 

E.  A.  Kingsley,  City  Engineer,  Dallas,  Tex. — We  have  used 
3-inch  vertical  fiber  brick  for  a  number  of  years,  and  are  using 
in  our  heavy  traffic  industrial  district  this  character  of  brick  in 
paving  some  of  our  new  work  this  year.  Our  first  3-inch  vert  ica 
fiber  brick  was  laid  on  Market  Street  during  1919.  This  pave- 
ment has  extremelv  heavy  downtown  industrial  traffic  of  both 
the  rubber  and  steel  tired  type.  We  have  no  trouble  from  break- 
ing or  cracking  under  traffic  of  the  3-inch  brick.  We  have  found 
that  this  brick  carries  traffic  equally  as  well  as  did  the  old  4-inch 
block  laid  on  edge.  We  can  discover  no  reason  in  studying  the 
wear  and  service  given  by  the  3-inch  brick  which  would  suggest 
to  us  that  a  3H-inch  or  4-inch  brick  might  be  better. 

Dallas  is  perfectly  satisfied  with  its  heavy-traffic  service  on  the 
3-inch  vertical  fiber  brick,  and  from  experience  that  neighboring 
cities  have  had  with  the  23^-inch  brick,  we  believe  that  this 
should  be  specified  for  the  lighter  traffic  and  residential  districts. 
D.  Lewis,  Ciiy  Engineer,  Fort  Worth,  Tex.— This  city  has  been 
laying  2}4  and  3  inch  vertical  fiber  brick  with  asphalt  filler  on  a 
cement-sand  cushion  laid  on  a  concrete  base.  Y\  <•  have  found 
this  type  of  paving  to  give  excellent  results. 

MANUFACTURE   OF   THIN   BRICK   PRACTICABLE 

The  manufacture  of  brick  as  thin  as  2}^  inches  is 
accomplished  without  particular  difficulty.  Some  loss 
from  warping  was  said  to  have  occurred  when  brick  of 


this  thickness  was  first  manufactured.  Later  changes 
in  the  manufacturing  process,  particularly  in  the  burn- 
ing, have  made  this  loss  negligible  at  the  present  time. 
The  brick  manufacturers  in  the  sections  of  the  country 
where  the  thinner  brick  are  being  used,  were  found  to 
be  favorable  to  the  manufacture  of  the  21^-inch  type. 
The  manufacture  of  brick  with  2-inch  thickness  was 
believed  by  some  to  be  impractical  because  of  the  loss 
occurring  from  warping  during  burning. 

Reduction  in  the  cost  of  a  brick  pavement  built  of 
thin  brick  is  the  result  of  decreased  cost  of  such  items 
as  manufacture,  transportation,  handling  on  the  job, 
and  saving  in  the  filler  material. 
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Fio.  23.— Detail  View  of  2^-Inch  Brick  Laid  on  Parker 
Street,  Omaha,  in  1915,  Described  by  Herman  Beal. 
The  Brick  were  Laid  on  a  5-Inch  Concrete  Base  (1:3:6) 
with  Bituminous  Filler.  The  Photograph  Shows  the 
Condition  of  These  Brick  in  1926  After  11  Ye\rs  Under 
Medium  Traffic 

Based  on  the  cost  of  a  3-inch  pavement  the  saving 
in  materials  and  costs  for  each  l^-ineh  reduction  in 
thickness  would  be  approximately  as  follows: 


Manufacture. 

Freight 

Haulage 
Filler. 


Cost 
reduc 

linn 

\  i  iteri  al 
reduc- 
tion 

10 
16 
lfi 
[6 

Per  c(  >it 
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AN  INSTRUMENT  FOR  THE  MEASUREMENT  OF 
RELATIVE  ROAD  ROUGHNESS 

DEVELOPED  BY  THE  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 


NO  ARGUMENT  is  needed  to  convince  the  user 
of  our  roads  of  the  desirability  of  as  smooth  a 
surface  as  can  be  produced.  A  rough  surface 
gives  rise  to  effects  unpleasant  to  the  passenger  and 
detrimental  to  the  vehicle.  Smooth  surfaces  mean 
greater  mileage  with  less  fatigue,  with  less  damage  to 
cargoes,  and  with  lower  operating  costs  for  the  vehicle. 
Thus  the  subject  assumes  a  very  considerable  economic 
aspect. 

The  highway  engineer  is  vitally  interested  in  building 
and  maintaining  smooth  roads  because  of  the  effects 
already  mentioned  and  further  on  account  of  the  direct 
effect  of  surface  roughness  on  the  life  of  the  pavement. 
The  research  of  the  last  few  years  has  clearly  pointed 
out  that  road  roughness  produces  impact  and  impact 
contributes  to  the  early  deterioration  of  any  type  of 
road  surface.  So  convincing  has  been  the  evidence  of 
this  fact  that  State  highway  engineers  have  expressed 
the  belief  that  smoothness  is  the  most  important 
quality  to  be  sought  in  road  surfaces. 

The  general  appreciation  of  the  importance  of  this 
matter  by  highway  engineers  has  created  a  demand  for 
an  instrument  with  which  the  roughness  of  a  road 
surface  may  be  measured.  With  such  an  instrument 
the  engineer  would  find  it  possible  to  specify  the  quality 
demanded  in  new  work  and  to  obtain  accurate  data 
on  the  deterioration  of  the  surface  in  time  to  apply 
proper  corrective  measures.  To  be  most  useful  such 
a  device  should  not  only  be  accurate  but  should  supply 
the  information  rapidly  and  in  such  form  that  it  can 
be  used  immediately.  Finally,  it  should  be  mechani- 
cally simple  and  reliable  and  so  designed  that  it  can 
conveniently  be  used  on  an  automobile. 

Several  devices  have  been  offered  from  various 
sources  to  meet  the  demand.  The  Bureau  of  Public 
Roads  experimented  with  a  number  of  designs  over  a 
period  of  several  years  and  finally,  in  May,  1925, 
developed  one  which  when  then  used  in  the  vicinity  of 
Washington,  D.  C,  appeared  to  be  better  in  several 
respects  than  other  available  instruments. 

Subsequent  use  of  this  type  of  instrument  over  a 
considerable  period  of  time  in  several  States  by  a 
district  engineer  of  the  bureau  indicates  that  it  is 
entirely  satisfactory  for  the  purpose.  It  is,  therefore, 
with  considerable  confidence  in  the  worth  of  the  instru- 
ment that  a  description  is  now  presented. 

There  are  a  number  of  ways  in  which  the  roughness 
of  road  surfaces  may  be  indicated  by  an  instrument 
attached  to  a  vehicle,  but  the  fundamental  principle 
upon  which  all  of  them  depend  is  that  the  vertical 
motion  imparled  to  the  vehicle  by  the  irregularities  in 
the  road  surface  hears  a  direct  relation  to  the  degree  of 
roughness.  In  order  that  the  effect  of  this  motion 
upon  the  chassis  of  the  vehicle  may  be  minimized, 
body  springs  a,nd  rubber  tires  are  provided,  the  de- 
flection of  which  absorbs  much  of  the  undesirable 
vibration.  The  magnitude  of  these  deflections  depends 
not  only  on  the  magnitude  of  the  road  roughness  but 
also  on  the  speed  of  the  vehicle,  amount  and  distribu- 
tion of  the  load,  and  the  type  and  condition  of  the 
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spring  and  tire  equipment.  By  maintaining  constant 
all  of  these  other  conditions,  the  deflection  of  the  body 
springs  may  be  made  to  measure  the  relative  roughness 
of  the  riding  surfaces  over  which  the  vehicle  is  driven. 
This  fact  furnishes  the  principle  on  which  the  relative 
roughness  determinator  or  roughometer,  as  it  has  been 
called,  operates. 

THE   RELATIVE    ROUGHNESS  DETERMINATOR 

Briefly,  the  roughometer  consists  of  a  rack  which  is 
attached  in  a  vertical  position  to  the  front  axle  of  the 
vehicle.  Meshed  with  this  rack  is  a  spur  gear  which  is 
supported  by  the  frame  of  the  car.  Movement  of  the 
front  axle  with  respect  to  the  chassis,  caused  by  de- 
flection of  the  body  springs,  thus  produces  translation 
of  the  rack  and  rotation  of  the  gear.  This  gear  is  con- 
nected through  a  flexible  shaft  to  a  mechanical  counter 
on  the  instrument  board  of  the  automobile.    Deflection 


RECOROING  INSTRUMENT 
ATTACHED  TO  DASH 


RACK  ANO   BALL  CLUTCH 


Fig.  1. — Diagram  of  the  Relative  Roughness   Deteumina- 
tor  Mounted  on  an  Automobile 

of  the  front  springs  of  the  vehicle  thus'causes^  the  "rota- 
tion of  the  spindle  of  the  counter.  In  order  that  this 
spindle  will  not  rotate  in  the  reverse  direction  when 
the  body  springs  return  from  their  deflected  position  a 
hall  clutch  is  interposed  between  the  gear  mentioned 
and  the  flexible  shaft  which  operates  the  counter.  This 
ball  clutch  allows  the  flexible  shaft  to  turn  in  only  one 
direction  so  that  the  counter  operates  only  during 
deflection  of  the  body  springs  and  thus  records  the 
summation  of  these  deflections  during  the  time  the 
instrument  is  in  operation. 

Before  proceeding  to  a  detailed  description  of  the 
instrument  it  may  be  desirable  to  call  attention  to 
certain  of  its  distinctive  features,  which  are: 

1.  It  can  be  attached  to  any  automobile  without  impairing 
the  appearance  or  the  normal  operation  of  the  vehicle. 

2.  The  data  are  presented  as  abstract  numerical  factors 
which  can  be  used  immediately. 

3.  Satisfactorily  accurate  data  can  be  obtained  at  normal 
highway  operating  speeds  so  that  there  is  no  interference  with 
or  from  traffic. 

4.  The  instrument  can  be  thrown  completely  out  of  operation 
when  not  in  use,  thus  preventing  excessive  wear  of  its  moving 
parts. 
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DETAILED  DESCRIPTION  OF  THE  INSTRUMENT 

Referring  to  Figure  1,  which  shows  how  the  instru- 
ment is  mounted  on  an  automobile,  it  will  be  seen  that 
it  consists  of  two  distinct  parts;  that  is,  the  rack  and 
ball-clutch  mechanism  which  is  mounted  on  the  engine 
block  or  chassis  of  the  car,  and  the  recording  mechanism 
which  is  permanently  mounted  on  the  instrument  dash. 
Figure  2  shows  these  two  parts  complete  but  not 
mounted  on  the  automobile. 

In  Figure  3,  which  is  a  detailed  drawing  of  the  entire 
mechanism,  A  is  a  plan  of  the  instrument,  looking 
down,  with  the  rack  and  ball-clutch  mechanism  at  the 
left  and  the  recording  mechanism  at  the  right;  B  is  a 
sectional  view  of  A,  the  section  being  taken  along  the 
vertical  longitudinal  center  line  of  the  rack  and  ball- 
clutch  mechanism,  through  the  flexible  cable  and 
through  the  miter  gears  which  drive  the  recording 
mechanism;  C  shows  the  end  or  side  view  of  the  rack 
and  ball-clutch  mechanism,  and  when  mounted  this 
side  would  be  next  to  the  radiator  of  the  automobile; 
D  is  the  front  view  of  the  recording  mechanism  as 
secured  to  the  dash  and  as  it  appears  to  the  operator; 
E  is  a  vertical  cross  section  through  the  ball  clutch; 
F  gives  details  of  the  latch  which  meshes  the  rack  and 
gear  and  is  controlled  by  the  pull-out,  throw-over 
handle  located  over  the  recording  mechanism  on  the 
base  plate  of  the  instrument.  The  upper  view  shows 
the  latch  closed  (rack  and  gear  meshed);  the  center 
view  shows  the  latch  half  open;  and  in  the  lower  view 
the  latch  is  open  (rack  and  gear  out  of  mesh,  and  the 
instrument  not  in  operation). 

The  following  is  a  detailed  description  of  the  instru- 
ment, in  which  the  various  parts  are  referred  to  by 
numbers  as  shown  in  Figure  3 : 

A  metal  frame  (1)  is  supported  by  a  suitable  bracket,  attached 
by  screws  (2)  to  the  engine  block  or  some  other  part  of  the  chassis. 
(Fig.  1.)  Through  this  frame  passes  a  vertical  rack  (3),  which  is 
attached  to  the  front  axle  through  a  rod  with  flexible  couplings 
as  shown  in  Figure  1.  Any  vertical  movement  of  the  axle  with 
respect  to  the  chassis  thus  causes  this  rack  to  move  up  or  down. 

Attached  to  and  pivoted  near  the  bottom  of  the  stationary 
frame  (1)  is  a  movable  metal  frame  (4)  which  is  made  in  two 
pieces  to  facilitate  casting  and  is  secured  at  the  bottom  with  cap 
screws  (5)  and  at  the  top  with  a  spacer  iod  (6). 

At  the  center  of  the  movable  frame  (4),  carried  in  metal  bear- 
ing boxes  (7) ,  is  a  hardened  steel  shaft  (8) ,  and  through  the  middle 
of  this  shaft  is  a  hoie  for  lubrication,  the  oil  being  supplied  by  an 
oil  reservoir  in  one  bearing  from  oil  cup  (9).  The  steel  shaft  (8) 
has  made  with  it  a  ball  race  which  is  ground  to  the  proper  dimen- 
sions after  the  steel  is  hardened. 

On  the  shaft  (8)  next  to  the  ball  race  is  a  hardened  steel  gear 
(10),  and  fastened  to  this  gear  by  six  screws  surrounding  the  ball 
race  is  the  hardened  steel  ball-ciutch  housing  (11).  This  housing 
carries  the  steel  balls  (13) ;  which  are  held  in  the  housing  and  in 
position  against  the  ball  race  by  springs  (13)  and  small  screws 
(14). 

The  hardened  steel  gear  (10)  meshes  with  the  vertical  rack  (3); 
consequently,  any  vertical  movement  of  the  rack  is  transmitted 
to  the  gear  (10)  and,  by  virtue  of  the  bail-clutch  housing  (11) 
being  fastened  to  the  gear  (10),  the  movement  of  the  rack  (3) 
causes  rotation  of  the  ball  race  or  rotor  and  the  steel  shaft  (8). 
The  ball  clutch  will  lock  when  the  rack  moves  upward  and  release 
when  the  rack  moves  downward,  yet,  unless  the  shaft  (8)  is  held 
so  as  to  make  the  ball  clutch  release,  it  will  simply  rock  back 
and  forth.  To  prevent  this  friction  is  applied  to  shaft  (8)  by  a 
brake  wheel  (15)  which  is  held  to  the  steel  shaft  by  a  set-screw, 
the  braking  friction  being  applied  by  a  steel  cable  (16)  that  is 
secured  around  the  spacer  rod  (6)  at  one  end  and  is  tightened  by 
means  of  a  thumb-nut  (17)  at  the  other  end.  Thus  shaft  (8) 
moves  only  in  one  direction,  that  in  which  the  bail  clutch  locks. 

At  the  end  of  the  steel  shaft  (8)  opposite  from  the  oil  reservoir, 
a  flexible  steel  speedometer  cable  and  housing  (18)  is  attached. 
This  cable  transmits  any  movement  of  the  steel  shaft  (8)  to  the 
recording  mechanism.  The  recording  mechanism  or  instrument 
is  attached  to  the  dash  of  the  automobile  within  reach  and  in 
clear  view  of  the  operator.     It  consists  of  a  base  plate  (19)  and 


a  mechanical  set-back  counter  (20)  which  records  the  movement 
transmitted  by  the  speedometer  cable  through  a  pair  of  miter 
gears  (21)  that  are  covered  by  a  housing  (22).  The  vertical 
movement  of  the  rack  (3)  thus  appears  as  a  numerical  factor  on 
the  mechanical  counter. 

At  the  top  of  the  recording  mechanism  is  a  pud-out,  throw- 
over  handle  (23).  This  handle  is  connected  to  a  rod  (24)  fitted 
with  a  universal  joint  at  each  end,  and  controls  the  latch  (25) 
When  the  handle  (23)  is  turned  180  degrees  at  the  recording  in- 
strument (from  left  to  right)  the  latch  (25)  is  extended,  freeing 
gear  (10)  from  rack  (3)  and  putting  the  entire  instrument  out  of 
operation.  The  dotted  lines  shown  in  Figure  3,  C  indicates  the 
amount  of  movement  necessary  to  do  this. 

Figure  4  shows  the  instrument  completely  disassem- 
bled, and  m  this  figure  attention  is  called  to  the  sim- 
plicity of  the  various  parts.  Figure  5  shows  the  rack 
and  ball  clutch  mounted  under  the  hood  of  an  auto- 
mobile. This  view  shows  the  side  opposite  to  that 
shown  in  Figure  2,  and  brings  out  clearly  the  details  of 
the  friction  brake  on  the  ball  clutch. 

USE   OF   THE  INSTRUMENT  IN   THE  FIELD 

The  various  parts  of  the  instrument  are  so  designed 
that  a  movement  of  the  rack  of  one  inch  records  one 
unit  on  the  counter.     While  it  is  possible  to  calibrate 


Fig.  2. — The    Rack   and   Ball-Clutch    Mechanism  and  the 
Recording  Mechanism,  Complete  but  Unmounted 

the  instrument  in  terms  of  absolute  surface  profile,  this 
calibration  is  difficult  and  of  no  practical  value.  The 
purpose  of  the  instrument  is  to  indicate  the  relative 
roughness  of  various  surfaces  or  the  changes  in  rough- 
ness of  the  same  surface  over  a  period  of  time.  It  is 
only  necessary,  therefore,  to  standardize  the  speed,  load, 
spring,  and  tire  conditions  of  the  vehicle  on  which  it  is 
to  be  used  and  the  device  will  be  ready  for  service. 
Care  should  be  taken  to  check  the  tire  inflation  fre- 
quently and  obviously  the  speedometer  on  the  car 
should  be  maintained  in  first-class  condition. 

Any  normal  operating  speed  may  be  used;  but  what- 
ever the  rate  decided  upon  it  should  be  maintained 
throughout  the  test,  and  the  same  speed  should  be  used 
in  comparative  tests.  It  is  desirable,  therefore,  to  so 
set  the  speed  that  it  can  be  maintained  without  inter- 
fering with  or  interference  from  the  other  traffic  on  the 
road.  Table  1  gives  values  obtained  on  a  section  of 
pavement  1J^  miles  in  length  at  three  speeds.  This 
table  illustrates  not  only  the  effect  of  speed  on  the 
magnitude  of  the  factor  obtained  but  also  the  con- 
sistency of  the  results  obtained  on  several  runs  over 
the  same  road. 
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Table   1. — Roughness  factors  obtained  in  operation  over  a  section 
of  pavement  1%  miles  long 

THREE  'ROUND  TRIPS  AT  25  MILES  PER  HOUR 

Northbound 173 

Do 168 

Do 170 

Average 170 


Southbound 196 

Do 199 

Do 195 


Average 197 


FIVE  ROUND  TRIPS  AT  30  MILES  PER  HOUR 


Southbound 225 

Do 224 

Do 227 

Do 230 

Do 225 


Average 226 


Northbound 206 

Do 203 

Do 201 

Do 202 

Do 203 

Average 203 


THREE  ROUND  TRIPS  AT  35  MILES  PER  HOUR 

Southbound 242  I  Northbound       ...  221 

Do ...   242  Do 224 


Do. 


246 


Average 243 


Do. 


224 


Average 223 


From  these  data  it  will  be  seen  that  the  maximum 
deviation  of  any  reading  from  the  average  of  the  group 
is  considerably  less  than  2  per  cent.  It  will  also  be 
noted  that  the  increase  in  the  roughness  factor  is  a  most 
directly  proportional  to  the  increase  in  speed. 

The  curves  in  Figure  6  indicate  the  relation  between 
the  speed  of  the  vehicle  and  the  magnitude  of  the 
roughness  factor  for  two  different  vehicles  equipped 
with  different  types  of  tire  equipment.  The  parallel 
curves  were  made  with  the  same  car  on  the  same  length 


Fig.  4. — The     Instrument     Disassembled,     Showing     Sim- 
plicity of  the  Various  Parts 

of  road  but  running  in  opposite  directions.  One  test 
was  made  near  Washington,  D.  C,  the  other  near 
Chicago,  111. 

The  significance  of  these  curves  lies  in  the  fact  that 
they  show  a  definite  relation  between  the  speed  of  the 
vehicle  and   the  magnitude   of  the  roughness  factor. 


This  relation  will  not  be  the  same  for  different  sets  of 
equipment  and  should  be  determined  for  those  test 
conditions  which  have  been  selected  as  standard  for  the 
equipment  used. 

Figure  7  shows  graphically  some  data  which  indicate 
the  consistency  of  the  instrument.     The  car  was  driven 


Fig.  5. — The  Rack  and  Ball  Clutch  Mounted  on  an  Auto- 
mobile 

over  6  miles  of  pavement  and  readings  were  taken 
every  half  mile.  The  test  was  repeated  and  although 
the  car  was  driven  in  the  same  direction  over  exactly 
the  same  length  of  pavement  no  attempt  was  made  to 
follow  the  same  wheel  path.  The  readings  at  the 
half-mile  intervals  are  plotted  as  ordinates  on  the 
chart.  Although  there  is  a  wide  variation  in  the 
roughness  of  the  different  half-mile  lengths,  the  readings 
on  the  instrument  check  very  well  at  the  various  points. 
The  total  readings,  i.  e.,  the  sum  of  the  readings  for 
the  12  half-mile  lengths  as  obtained  on  the  two  test 
runs,  check  within  2  per  cent.  These  data  are  repre- 
sentative and  were  selected  so  as  to  present  a  fair 
example  of  the  consistency  of  the  instrument. 

The  effect  of  the  load  in  the  car  or  of  the  type  and 
condition  of  the  body  springs  is  of  considerably  less 
importance  but  should  receive  attention  as  there  is  no 
doubt  that  they  do  affect  the  results  obtained.  Tire 
size,  type,  and  inflation  pressure  are  very  important 
and  every  effort  should  be  made  to  keep  these  constant 
on  all  tests  the  results  of  which  are  to  be  compared. 

INTERPRETATION   OF  THE   ROUGHNESS   FACTOR 

The  relative  roughness  of  a  road  surface  is  indicated 
by  an  abstract  number  which  is  a  measure  of  the  total 
average  accumulated  compression  of  the  two  front 
springs  of  the  vehicle  in  inches  per  mile.  If  the  counter 
be  set  at  zero  at  the  beginning  of  a  trip  ami  the  instru- 
ment is  thrown  into  operation  while  the  automobile 
traverses  1  mile  of  road  surface,  then  the  reading  on  the 
counter  as  the  car  completes  this  1  mile  of  travel  may 
be  called  the  roughness  factor  for  that  particular  mile 
of  surface.  Some  idea  of  what  a  roughness  factor  of 
100,  200,  or  300,  means  may  be  gained  from  the  obser- 
vations following  which  are  based  on  a  heavy  car  driven 
at  a  rate  of  from  30  to  40  miles  per  hour. 
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Roughness  factor:  Motion  of  vehicle 

Less  than  80 No  perceptible  vibration. 

80  to  110 Slight  vibration. 

110  to  150 Noticeable  vibration  and  slight  lurching. 

150  to  200 Disagreeable    vibration    and    noticeable 

lurching. 
200  to  300 Disagreeable    lurching     and     somewhat 

dangerous  for  light  cars  at  high  speeds. 

The  magnitude  of  the  roughness  factor  obtained  on 
various  types  and  conditions  of  road  surfaces  has  been 
shown  to  vary  somewhat  with  the  auxiliary  equipment 
used  with  the  roughometer. 
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Fig.  6. — Effect  of  Vehicle  Speed  on  the  Roughness  Factor 
as  Determined  With  Two  Different  Cars,  One  Equipped 
With  Cord  Tires  and  One  Equipped  with  Balloon  Tires 

Measurements  made  in  the  vicinity  of  Washington, 
D.  C,  indicated  a  range  of  from  80  to  100  for  very 
smooth  pavements  to  from  250  to  300  for  rather  rough 
surfaces,  while  some  results  recently  obtained  in  Cali- 
fornia with  another  instrument  on  another  type  of 
automobile  range  from  about  60  for  good  concrete 
pavement  to  250  for  a  rather  rough  oiled  gravel. 

ROUGHNESS  OF  DIFFERENT   ROADS   COMPARED  WITH 
ROUGHOMETER 

A  brief  discussion  of  some  of  the  data  obtained  last 
year  by  one  of  the  district  engineers  of  the  bureau  may 
be  of  interest.  Forty-eight  sections  of  concrete  pave- 
ment, comprising  412  miles,  and  five  sections  of  bitumi- 
nous topped  pavement,  comprising  59  miles,  were 
measured.  The  average  roughness  factors  found  for 
particular  sections  of  the  two  types  were,  respectively, 
141  and  193.  The  average  roughness  factor  for  con- 
crete pavements  constructed  prior  to  1923  is  196, 
whereas  that  for  those  constructed  during  and  since 
1923  is  115,  showing  that  very  great  progress  has  been 
made  toward  constructing  smoother  pavements. 

Data  on  a  section  of  pavement  fairly  typical  of  those 
constructed  six  or  seven  years  ago  are  shown  in  Table  2, 
and  Table  3  shows  similar  data  for  a  section  constructed 
in  1924. 

Table  2. — Roughness  factors   of  5   miles   of  concrete   -pavement 
typical  of  those  constructed  prior  to  1920 


Mile  of  pavement 

Rough- 
ness 
factor 

Mile  of  pavement 

Rough- 
ness 
factor 

First 

252 
258 
244 

Fourth 

229 

Second 

Fifth 

349 

Third 

Average  for  5  miles 

266 

Table  3.- 


-Roughness  factors  of  13  miles  of  concrete  pavement 
constructed  in  192 % 


Mile  of  pavement 

Rough- 
ness 
factor 

Mile  of  pavement 

Rough- 
ness 
factor 

First 

90 
90 

81 
84 
(hills)  102 
98 
99 
84 

Ninth 

85 

Tenth 

82 

Third... 

Eleventh... 

81 

Fourth. 

Twelfth 

(hills)  102 

Fifth. 

Thirteenth 

83 

Sixth 

Average  for  13  miles 

Seventh 

89.3 

Eighth... 

In  each  of  three  States  it  was  noticed  that  the  first 
mile  constructed  was  generally  the  roughest  mile  in 
the  section.  The  average  roughness  factor  for  the 
roughest  mile  in  48  sections  in  one  State  was  175  and 
of  the  smoothest  mile  107,  a  difference  of  68.  This 
difference  for  34  sections  in  another  State  was  65,  and 
for  13  sections  in  a  third  State  was  67.  This  would 
seem  to  indicate  that  very  careful  supervision  should 
be  exercised  during  the  construction  of  the  first  mile 
of  pavement  laid  and  that  as  many  first  miles  should 
be  avoided  as  possible  by  awarding  contracts  early  in 
the  season  and  of  such  length  as  may  require  the  entire 
season  to  construct.  This  well  illustrates  the  im- 
portance of  the  roughometer  or  relative  roughness 
determinator  to  the  highway  engineer. 

Table  4  presents  data  which  show  the  greatly  in- 
creased roughness  in  the  first  mile  of  construction. 

Tablb  4.- — Roughness  factors,  by  miles,  on  a  7-mile  section  of 
pavement,  showing  increased  roughness  in  the  first  mile 


Mile  of  pavement 

Rough- 
ness 
factor 

Mile  of  pavement 

Rough- 
ness 
factor 

First 

383 
271 
128 
112 

Fifth 

115 

Second . 

Sixth 

126 

Third 

Seventh 

156 

Fourth. 
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6S 


mile  of  road 

Fig.  7. — Results  of  Test  of  Consistency  of  Instrument 
in  Which  Two  Runs  Were  Made  in  the  Same  Direction 
Over  the  Same  Road  at  a  Speed  of  20  Miles  per  Hour. 
No  Attempt  was  Made  to  Follow  the  Same  Wheel  Path 

In  general,  it  has  been  found  that  a  pavement  is 
smooth  or  rough  all  the  way  across,  although  in  a 
number  of  instances  a  consistent  difference  between 
the  right  and  left  sides  has  been  observed.  Table  5 
presents  data  typical  of  such  a  case. 
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THE  FLOW    OF    WATER  THROUGH  CULVERTS 

CONCLUSIONS  FROM  REPORT  ON  TESTS  AT  UNIVERSITY  OF  IOWA 


THE  Bureau  of  Public  Roads  and  the  State  Univer- 
sity of  Iowa  have  recently  made  a  large  number 
of  tests  of  the  flow  of  water  through  short 
conduits,  such  as  pipe  and  box  culverts  and  sluiceways 
under  levees.  These  tests  were  conducted  at  the 
hydraulic  laboratory  of  the  university  and  have  been 
reported  on  in  Bulletin  1,  University  of  Iowa  Studies 
in  Engineering,  "The  flow  of  water  through  cul- 
verts," by  D.  L.  Yarnell,  drainage  engineer,  United 
States  Department  of  Agriculture,  in  collaboration 
with  Floyd  A.  Nagler,  associate  professor  of  mechanics 
and  hydraulics,  and  Sherman  M.  Woodward,  professor 
of  mechanics  and  hydraulics,  both  of  the  University 
of  Iowa. 

The  investigations  were  undertaken  primarily  for 
the  purpose  of  determining — 

1.  The  quantity  of  water  that  will  flow  through 
culverts  or  sluiceways  under  levees  of  different  ma- 
terials, sizes,  and  shapes  under  conditions  of  actual  use. 

2.  What  conditions  tend  to  increase  or  decrease  such 
quantity. 

3.  What  principles  should  be  followed  in  design  to 
secure  the  greatest  discharging  capacity  for  the  least 
cost. 

The  report  describes  the  methods  of  making  the 
tests  and  presents  the  experimental  results  together 
with  the  discharge  formulas  developed  for  the  various 
culverts. 

The  following  conclusions  are  drawn  from  the  results 
of  1,480  experiments  on  pipe  culverts  made  of  concrete, 
vitrified  clay,  and  corrugated  metal  of  the  following 
sizes:  12,  18,  24,  and  30  inches  in  diameter;  and  1,821 
tests  on  concrete  box  culverts  of  the  following  sizes: 
2  by  2  feet,  3  by  3  feet,  4  by  4  feet,  4  by  3  feet,  4  by 
2 }4  feet,  4  by  2  feet,  4  by  1  foot,  and  4  by  one-half  foot. 

Tests  were  made  on  the  culverts  flowing  partly  full 
and  full,  both  with  a  free  and  submerged  outlet.  Exper- 
iments were  also  run  with  various  types  of  entrances. 

1.  The  discharging  capacity  of  a  culvert  depends  primarily 
upon  the  cross  section  of  the  culvert  and  the  difference  in  water 
level  at  the  two  ends  of  the  culvert. 

2.  To  obtain  the  maximum  discharge  the  culvert  must  be  so 
laid  as  to  insure  the  full  cross  section  of  the  culvert  being  filled  by 
the  flowing  water. 

3.  If  the  culvert  is  laid  at  too  high  an  elevation  with  respect  to 
the  water  levels  at  the  two  ends,  it  will  not  run  full  and  hence 
will  not  attain  its  maximum  capacity. 

4.  If  a  culvert  is  so  laid  that  both  its  upstream  and  downstream 
ends  are  completely  submerged,  the  amount  of  water  which  it 
discharges  will  be  proportional  to  the  square  root  of  the  difference 
in  water  level  at  the  two  ends;  and  the  exact  grade  at  which  the 
culvert  is  laid  has  no  effect  whatever  upon  its  maximum  discharg- 
ing capacity. 

5.  The  difference  in  water  level  at  the  two  ends,  called  here- 
after the  head  on  the  culvert,  is  utilized  in  three  ways — first, 
in  overcoming  friction  around  the  entrance  corner;  second, 
in  overcoming  friction  along  the  walls  throughout  the  barrel  of 
the  culvert;  third,  in  imparting  the  velocity  necessary  to  the 
water  in  entering  the  culvert.  The  three  portions  into  which 
the  total  head  is  thus  divided  are  called  for  convenience  entrance 
loss,  friction  loss,  and  velocity  head,  respectively. 

The  following  general  conclusions  numbered  from  6  to  25, 
inclusive,  are  drawn  from  the  results  of  the  tests  on  the  pipe 
culverts: 


6.  The  coefficient  of  roughness,  n,  in  the  Kutter  formula  for 
the  concrete  pipe  ranges  from  0.012  for  the  12-inch  size  to  0.013 
for  the  30-inch  size. 

7.  The  coefficient  of  roughness,  n,  in  the  Kutter  formula,  for 
the  vitrified-clay  pipe]  ranges  from  0.010  for  the  12-inch  size  to 
0.013  for  the  30-inch  size. 

8.  The  coefficient  of  roughness,  n,  in  the  Kutter  formula,  for 
the  corrugated-metal  pipe  ranges  from  0.019  for  the  12-inch  size 
to  0.023  for  the  30-inch  size. 

9.  In  concrete,  vitrified-clay,  and  corrugated-metal  pipe 
culverts,  30.6  feet  long,  with  straight  end-wall  entrances: 

(a)  The  12-inch  concrete  pipe  with  beveled  lip  end  upstream 
discharges  about  49  per  cent  more  water  than  the  12-inch  metal 
pipe. 

(b)  The  18-inch  concrete  pipe  with  beveled  lip  end  upstream 
discharges  about  40  per  cent  more  water  than  the  18-inch  metal 
pipe. 

(c)  The  24-inch  concrete  pipe  with  beveled  lip  end  upstream 
discharges  about  36  per  cent  more  water  than  the  24-inch  metal 
pipe. 

(d)  The  30-inch  concrete  pipe  with  beveled  lip  end  upstream 
discharges  about  32  per  cent  more  water  than  the  30-inch  metal 
pipe. 

(e)  The  12-inch  clay  pipe  discharges  about  65  per  cent  more 
water  than  the  12-inch  metal  pipe. 

(/)  The  18-inch  clay  pipe  discharges  about  50  per  cent  more 
water  than  the  18-inch  metal  pipe. 

(g)  The  24-inch  clay  pipe  discharges  about  40  per  cent  more 
water  than  the  24-inch  metal  pipe. 

(A)  The  30-inch  clay  pipe  discharges  about  30  per  cent  more 
water  than  the  30-inch  metal  pipe. 

The  relative  capacities  of  these  culverts  may  also  be  expressed 
in  the  following  terms  which  are  mathematically  equivalent  to 
the  above. 

(i)  The  12-inch  metal  pipe  has  about  67  per  cent  of  the  carry- 
ing capacity  of  the  12-inch  concrete  pipe  with  beveled  lip  end 
upstream. 

(.7)  The  18-inch  metal  pipe  has  about  71  per  cent  of  the  carry- 
ing capacity  of  the  18-inch  concrete  pipe  with  beveled  lip  end 
upstream. 

(A;)  The  24-inch  metal  pipe  has  about  74  per  cent  of  the  carry- 
ing capacity  of  the  24-inch  concrete  pipe  with  beveled  lip  end 
upstream. 

(I)  The  30-inch  metal  pipe  has  about  76  per  cent  of  the  carry- 
ing capacity  of  the  30-inch  concrete  pipe  with  beveled  lip  end 
upstream. 

(m)  The  12-inch  metal  pipe  has  about  61  per  cent  of  the  carry- 
ing capacity  of  the  12-inch  clay  pipe. 

(n)  The  18-inch  metal  pipe  has  about  68  per  cent  of  the 
carrying  capacity  of  the  18-inch  clay  pipe. 

(0)  The  24-inch  metal  pipe  has  about  73  per  cent  of  the 
carrying  capacity  of  the  24-inch  clay  pipe. 

(p)  The  30-inch  metal  pipe  has  about  78  per  cent  of  the 
carrying  capacity  of  the  30-inch  clay  pipe. 

10.  In  concrete  pipe  culverts,  30.6  feet  long,  with  straight 
end-wall  entrances: 

(a)  The  12-inch  pipe  with  beveled  lip  end  upstream  discharges 
about  5  per  cent  more  water  than  the  same  pipe  with  a  square- 
cornered  entrance. 

(b)  The  18-inch  pipe  with  beveled  lip  end  upstream  dis- 
charges about  9  per  cent  more  water  than  the  same  pipe  with  a 
square-cornered  entrance. 

(c)  The  24-inch  pipe  with  beveled  lip  end  upstream  discharges 
about  12  per  cent  more  water  than  the  same  pipe  with  a  square- 
cornered  entrance.  , 

(d)  The  30-inch  pipe  with  beveled  lip  end  upstream  discharges 
about  14  per  cent  more  water  than  the  same  pipe  with  a  square- 
cornered  entrance.  . 

11.  Due  to  the  larger  amount  of  pipe  friction  m  corrugated- 
metal  pipes,  a  change  in  culvert  length  produce.-:  a  greater  change 
in  discharge  than  with  concrete  and  vitrified-clay  pipe  culverts. 

12.  The  45-degree  wing  walls  used  in  connection  with  a  corru- 
gated-metal pipe  culvert  increase  the  capacity  from  1  to  10  per 
cent  over  that  obtained  in  a  metal  pipe  culvert  with  a  straight 
end  wall. 
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13.  The  45-degree  wing  walls  used  in  connection  with  a  corru- 
gated-metal pipe  culvert  are  more  efficient  when  set  flush  with 
the  edge  of  the  pipe  than  when  set  6  inches  back  from  the  edge 
of  the  pipe. 

14.  The  45-degree  wing  walls  used  in  connection  with  a  corru- 
gated-metal pipe  culvert  are  more  efficient  when  built  full  height 
to  the  top  of  the  head  wall  than  when  constructed  only  to  the 
standard  height  shown  in  Figure  6.1 

15.  The  45-degree  wing  walls  used  in  connection  with  a  vitri- 
fied-clay  pipe  culvert  produce  a  carrying  capacity  substantially 
equal  to  that  with  the  regular  bell  end  upstream. 

16.  The  U-type  wing  walls  used  in  connection  with  a  vitrified- 
clay  pipe  culvert  produce  a  carrying  capacity  slightly  less  than 
that  with  the  straight  end  wall. 

17.  The  beveled  lip  end  at  the  entrance  of  a  concrete  pipe  cul- 
vert is  a  great  aid  in  reducing  the  entrance  loss,  especially  in  the 
larger  sizes. 

18.  The  bell  end  at  the  entrance  of  a  vitrified-clay  pipe  culvert 
by  virtue  of  its  shape  greatly  reduces  the  entrance  loss  below  that 
produced  by  a  right-angle  corner,  especially  in  the  smaller  sizes. 

19.  A  24-inch  clay  pipe,  38  feet  long,  with  a  straight  end  wall 
and  the  regular  bell  end  upstream  carries  about  10  per  cent  more 
water  than  the  same  culvert  with  a  square-cornered  entrance. 

20.  Merely  rounding  the  entrance  to  a  24-inch  vitrified-clay 
pipe  culvert  increases  the  capacity  approximately  13  per  cent 
over  that  obtained  with  a  square-cornered  entrance. 

21.  By  projecting  the  pipe  through  the  head  wall  so  as  to 
obtain  the  effect  on  the  discharge  of  no  head  wall,  it  was  found 
that: 

(a)  In  the  12-inch  concrete  pipe  culvert  having  a  square 
cornered  entrance,  there  was  little  difference  whether  the  pipe 
projected  3  inches,  2  feet,  or  4  feet  beyond  the  head  wall. 

(b)  The  discharge  is  decreased  slightly  by  projecting  the  pipe 
through  the  head  wall  as  compared  with  the  same  culvert  with 
a  straight  end  wall  entrance. 

(c)  The  18-inch  corrugated-metal  pipe  culvert  with  a  3-inch 
projection  beyond  the  head  wall  carries  slightly  more  water 
than  the  same  pipe  with  either  a  2-foot  or  a  4-foot  projection. 

(d)  The  18-inch  metal  pipe  culvert  with  a  straight  end  wall 
entrance  carries  more  water  than  the  same  pipe  with  any  length 
of  projection. 

22.  By  doubling  the  area  of  the  outlet  end  of  an  18-inch  vitrified- 
clay  pipe  culvert  by  attaching  a  conical  section,  the  sides  of  which 
diverge  at  an  angle  of  about  10  degrees,  the  discharge  of  the  cul- 
vert, when  the  outlet  end  is  submerged,  is  increased  about  40 
per  cent  over  that  obtained  through  the  same  culvert  having  a 
uniform  bore  throughout. 

23.  In  the  formulas  for  discharge  the  average  exponent  of  H, 
the  head  on  the  pipe  culvert,  for  Tables  22  to  79,1  inclusive,  is 
0.488.  In  hydraulics  the  general  practice  is  to  assume  that  the 
discharge  varies  as  the  square  root  of  the  head. 

24.  New  discharge  formulas  for  the  flow  of  water  through 
concrete,  vitrified-clay,  and  corrugated-metal  culvert  pipe  have 
been  derived  from  the  experimental  data  in  this  report.  The 
formulas  as  derived  for  culverts  30.6  feet  long  with  straight 
end  wall  entrances  are  as  follows: 

Concrete  pipe  with  beveled  lip  end  upstream: 

Q  =  4.61  D2M  #°-5°  (1) 

Concrete  pipe  with  square  cornered  entrance: 

Q  =  4.40  D2-09  #o-5o  (2) 

Vitrified-clay  pipe  with  bell  end  upstream : 

Q  =  5.07  D2-05  #°-5o  (3) 

Corrugated-metal  pipe: 

Q  =  3.10  D2-31  Ho-™  (4) 

25.  The  general  discharge  formulas  derived  for  pipe  culverts 
with  straight  end-wall  entrance  and  of  any  size  and  length,  when 
flowing  full,  are  as  follows: 

Concrete  pipe,  beveled  lip  entrance: 


V 


1.1+ 


0.026  L 


Concrete  pipe,  square-cornered  entrance: 
A  ^2g~H 


Vitrified-clay  pipe,  regular  bell  end  upstream: 
A  -y/2JH 


Q 


V 


1  +  0.023  D'-9+ 


0.022  L 

2)1.0 


(13) 


(14) 


(15) 


1  Not  reproduced  in  this  summary. 


Corrugated-metal  pipe: 


A  V2g  H 


V 


1  +  0.16  D°-6+ 


0.106  L 

£)1.2 


(16) 


In  these  formulas — 

Q  =  discharge  in  cubic  feet  per  second. 

A  —  cross-sectional  area  of  pipe  in  square  feet. 

D  =  diameter  of  pipe  in  feet. 

L=length  of  culvert  in  feet. 

H  =  head  on  pipe  in  feet  or  the  difference  in  the  water  level 

at  the  two  ends  of  the  culvert. 
g = acceleration  of  gravity. 

The  following  general  conclusions,  numbered  from  26  to  33, 
are  drawn  from  the  results  of  the  tests  on  the  concrete  box 
culverts : 

26.  Concrete  box  culverts  with  straight  head  walls  and 
rounded  lip  entrance  discharge  from  8  to  12  per  cent  more  water 
than  the  same  size  culvert  with  square-cornered  entrance  in 
the  sizes  tested  in  this  investigation. 

27.  Concrete  box  culverts  with  straight  head  walls  and  beveled 
lip  entrance  discharge  from  7  to  9  per  cent  more  water  than  the 
same  size  culvert  with  square-cornered  entrance  in  the  sizes 
tested  in  this  investigation. 

28.  If  the  outlet  end  of  a  36-foot  box  culvert  with  a  rounded 
lip  entrance  is  flared  by  diverging  the  sides  at  an  angle  of  6°  30' 
throughout  a  distance  of  10  to  12  feet  from  the  outlet  head  wall, 
thus  doubling  the  area  of  its  cross  section  at  the  outlet,  the  capac- 
ity of  the  culvert  is  increased  about  60  per  cent  above  the  capac- 
ity of  a  similar  culvert  36  feet  long  with  the  uniform  bore  extend- 
ing the  entire  length  of  the  culvert. 

29.  The  2  by  2  foot  box  culvert,  30  feet  long,  with  a  rounded 
lip  entrance  and  flared  on  the  two  sides  for  its  entire  length  to  a 
4  by  2  foot  opening  at  the  outlet  end  will  discharge  86  per  cent 
more  water  than  a  2  by  2  by  30  foot  box  culvert  of  uniform 
bore  with  a  square-cornered  entrance,  when  both  culverts  are 
flowing  full. 

30.  The  2  by  2  foot  box  culvert,  30  feet  long,  with  a  rounded 
lip  entrance  and  flared  on  the  two  sides  for  its  entire  length  to 
a  4  by  2  foot  opening  at  the  outlet  end  will  discharge  the  same 
quantity  of  water  as  a  3.61  by  2  by  30  foot  box  culvert  of  uni- 
form bore  with  a  square-cornered  entrance,  when  both  culverts 
are  flowing  full. 

31.  The  following  general  discharge  equations  have  been 
developed  for  concrete  box  culverts  with  straight  end  wall  en- 
trances when  flowing  full: 

Box  culverts  with  rounded  lip  entrances: 


Q 


A  ^2g  H 

I    nr  .  0.0045  L 
•y  1.05+     R1M 


Box  culverts  with  square-cornered  entrances: 


Q=- 


Aj2gE 


Jl  +  0.4flo-3+ 


0.0045  L 

&1.S5 


(17) 


(18) 


in  which  the  same  symbols  are  used  as  in  the  pipe  culvert  formulas 
and  the*  term,  R,  is  the  mean  hydraulic  radius  of  the  culvert  in 
feet. 

32.  Rectangular  concrete  box  culverts  require  more  head  to 
overcome  friction  than  square  concrete  box  culverts  of  the  same 
area,  and  hence  have  a  smaller  carrying  capacity  provided  the 
entrance  losses  (in  head)  are  the  same.  The  head  lost  in  friction 
for  culverts  of  the  same  area  varies  inversely  with  the  hydraulic 
radius.  The  entrance  losses,  however,  on  the  rectangular  cul- 
verts tested  are  less  than  those  on  the  square  culverts  of  the 
same  area  and  type  of  entrance.  Since  one  culvert  differs  from 
another  in  capacity  per  square  foot  of  area  inversely  in  proportion 
to  the  square  root  of  the  sum  of  all  head  losses  involved,  it  is 
possible  for  a  rectangular  culvert  to  have  a  slightly  greater 
capacity  than  a  square  culvert,  although  the  reverse  is  usually 
the  case. 

_  33.  The  chamfering  of  the  corners  of  box  culverts  reduces  the 
discharge  of  the  culvert  by  an  insignificant  amount,  an  amount 
which  is  less  in  per  cent  than  the  corresponding  reduction  in  cul- 
vert area  produced  by  the  chamfering. 

A  comparison  of  the  results  of  the  tests  on  the  concrete  box  cul- 
verts with  the  results  of  the  tests  on  the  pipe  culverts  reveals  the 
following  facts: 

34.  A  24-inch  concrete  pipe  culvert,  30  feet  long,  with  beveled 
hp  end  upstream,  carries  19  per  cent  less  water  than  a  2  by 
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2;  by  30  foot  concrete  box  culvert  with  square-cornered  entrance 
(when  the  two  culverts  are  flowing  full),  but  the  concrete  pipe 
culvert  carries  about  7  per  cent  more  water  per  square  foot  of 
waterway  than  the  box  culvert. 

35.  A  24-inch  corrugated-metal  pipe  culvert,  30  feet  long,  car- 
ries 57  per  cent  less  water  than  a  2  by  2  by  30  foot  box  culvert 
with  square-cornered  entrance  (when  the  two  culverts  are  flowing 
full),  and  the  metal  pipe  carries  about  23  per  cent  less  water  per 
square  foot  of  waterway  than  the  box  culvert. 

36.  A  27-inch  vitrified-clay  pipe  culvert  30  feet  long  (contain- 
ing approximately  the  same  cross-sectional  area  as  a  2  by  2  foot 
box  culvert)  will  carry  7  per  cent  more  water  than  the  2  by  2 
by  30  foot  box  culvert  with  square-cornered  entrance  when  both 
culverts  are  flowing  full. 

37.  The  value  of  the  entrance  loss  coefficient  for  a  given  type 
of  entrance  corner  varies  with  the  shape  of  the  cross  section  of  the 
culvert.  That  cross  section  having  the  greatest  hydraulic  radius 
for  a  given  culvert  area  has  also  the  greatest  entrance  loss  co- 
efficient. That  is,  the  entrance  loss  coefficient  is  greater  for  a 
circular  culvert  than  for  one  with  a  square  section,  and  the 
coefficient  for  the  square  section  is  greater  than  that  for  the 
rectangular  section. 

38.  The  results  on  the  various  types  of  entrances  and  outlets 
have  an  important  bearing  on  the  design  of  suction  and  discharge 
pipes  for  drainage  and  irrigation  pumping  plants.  Sluiceways 
under  levees  are  hydraulically  like  road  culverts.  The  data  in 
this  report  will  likewise  be  found  directly  applicable  to  many 
irrigation  structures. 

Copies  of  the  bulletin  may  be  obtained  from  the 
university  editor  at  $1  a  copy. 


(Continued  from  p.  148) 
Table  5. — Roughness  factors  on  east  and  west  sides  of  a  pavement 


Mile  of  pavement 

Roughness  factor 

Mile  of  pavement 

Roughness  factor 

West 
side 

East 
side 

West 
side 

East 
side 

First  ... 

81 
91 
88 
101 

69 
76 
74 
85 

89 
97 
89 
121 

77 
86 
84 
96 

Ninth 

89 
82 
83 
85 
79 
94 

97 

Tenth 

81 

Third  . 

Eleventh  .. 

82 

Fourth 

Twelfth 

88 

Fifth 

Thirteenth 

81 

Sixth.. 

Seventh 

Eighth 

Fourteenth 

Average  per  mile. 

85 

84 

89.5 

As  indicative  of  how  smooth  pavements  can  be  built, 
Table  6  shows  data  obtained  for  the  smoothest  pave- 
ments found  in  two  Midwestern  States. 


Table  6.- 


-Roughness  factors  on  smoothest  -pavements  found  in  two 
States 


Rough- 
ness 
factor 

Rough- 
ness 
factor 

(o)  Mile  of  pavement: 
First  .. 

63 
71 
66 
119 
109 

67 

Third _ 

60 

Fourth 

63 

Third 

Fifth _ 

57 

Fourth 

Sixth 

63 

Fifth 

Seventh 

59 

Eighth 

62 

Average  for  first  3  miles. 

66.7 

Ninth... 

59 

Tenth 

68 

(6)  Mile  of  pavement: 
First 

60 

Average 

61.8 

From  data  similar  to  that  cited  in  Table  6,  obtained 
on  many  hundreds  of  miles  of  roads  the  indications  are 
that  the  instrument  as  described  does  give  a  true  index 
of  the  relative  roughness  of  road  surfaces. 

The  data,  which  can  be  obtained  quickly  and  at 
small  cost,  should  be  invaluable  to  highway  officials, 
particularly  supervisory  officials  who  can  not  hope  to 
inspect  every  mile  of  pavement,  as  a  basis  for  rating 
contractors,  superintendents  on  force  account  wTork, 
engineers,  inspectors,  and  all  others  directly  responsible 
for  the  quality  of  the  pavement.  They  will  be  found 
valuable  even  by  the  highway  official  who  can  and  does 
visit  all  projects  during  construction  for  they  will 
furnish  him  definite  data  rather  than  opinions  on  which 
to  base  conclusions. 

INTERNATIONAL  ROAD  CONGRESS  WILL  ACCEPT 
INVITATION  TO  MEET  IN  UNITED  STATES  IN 
1929 

The  International  Road  Congress  will  accept  an  in- 
vitation to  meet  in  the  United  States  in  1929,  accord- 
ing to  Senator  Albert  Mathieu,  of  France,  president  of 
the  association.  This  assurance  was  given  at  the  close 
of  the  congress  held  at  Milan,  Italy,  September  6  to  14 
and  in  response  to  the  statement  by  Thomas  H.  Mac- 
Donald,  Chief  of  the  United  States  Bureau  of  Public 
Roads  and  chairman  of  the  official  delegation  from  the 
United  States,  that  the  United  States  Congress  would 
be  urged  to  extend  such  an  invitation. 

The  congress  at  Milan  was  attended  by  2,000  dele- 
gates from  50  countries  and  5  continents,  and  the 
United  States  was  officially  represented  for  the  first 
time.  Mr.  MacDonald  was  made  a  member  of  the 
council  of  the  congress. 

In  the  discussions  of  the  congress,  the  United  States 
and  Great  Britain  declined  to  adhere  to  a  resolution 
commending  as  a  general  policy  the  private  operation 
of  government  subsidized  toll  roads,  which  has  been 
tried  out  successfully  on  some  stretches  of  Italian  road. 
The  United  States  delegates  advanced  the  argument 
that  roads  are  a  government  function  and  should  be 
open  to  the  use  of  all  except  in  rare  cases  where  private 
construction  should  eventually  result  in  public  opera- 
tion. A  resolution  providing  for  all  viewpoints  wras 
adopted. 

Following  the  meeting  in  Milan  the  United  States 
delegates  went  to  Rome,  where  they  were  received  in 
a  private  audience  by  Premier  Mussolini,  who  asked 
them  to  convey  a  message  to  the  United  States  that  they 
had  seen  a  disciplined  and  tenacious  people  courage- 
ously at  work  and  desiring  only  peace.  In  response  to 
Mr.  MacDonald's  statement  that  in  modern  highway 
transportation  there  is  a  new  way  of  living  ahead  lor 
the  masses,  the  premier  stated  his  conviction  that 
motor  roads  must  be  built  everywhere  as  railroads 
and  carriage  roads  have  been  built  in  the  past. 

The  American  delegation  left  Rome  for  a  survey  of 
traffic  and  road  conditions  in  western  Europe  and  will 
sail  from  Southampton  on  October  12. 
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SIMPLIFIED  SOIL  TESTS  FOR  SUBGRADES  AND  THEIR 

PHYSICAL  SIGNIFICANCE 

Reported  by  DR.  CHARLES  TERZAGHI,  Massachusetts  Institute  of  Technology,  Research  Consultant  to  the  Bureau  of  Public  Roads 

ONE  OF  the  outstanding  and  fundamental  problems 
of  subgrade  investigation  consists  in  finding 
methods  for  identifying  soils  encountered  in  a 
certain  locality  with  other  soils  obtained  from  other 
sections  of  the  country.  Suppose  an  experimental  road 
has  been  built  and  a  careful  investigation  has  been  made 
of  how  the  road  surface  behaved  under  varying  condi- 
tions of  temperature  and  traffic.  All  these  results 
are  practically  worthless  unless  we  are  in  a  position  to 
determine  where  else  in  the  country  identical  subgrade 
conditions  exist. 

The  problem  of  identifying  for  engineering  purposes 
the  materials  of  which  the  soils  consist  is  practically 
solved,  inasmuch  as  we  have  already  an  experimental 
method  which  furnishes  all  the  data  required.  These 
data  concern  the  compressibility,  the  swelling,  the 
permeability  and  the  compressive  strength  of  the 
material.  They  are  in  every  respect  comparable  to  the 
data  used  in  structural  engineering  for  expressing  the 
properties  of  construction  materials,  and  there  is  no 
doubt  about  their  physical  meaning.  The  method  has 
recently  been  developed  by  the  writer,  and  a  set  of 
equipment  required  for  making  the  tests  is  being  in- 
stalled at  the  experimental  station  of  the  Bureau  of 
Public  Koads  at  Arlington,  Va. 

However,  since  the  identification  tests  last  one  week 
for  every  set  of  six  samples,  it  is  desirable  to  develop 
methods  for  rapid  preliminary  classification  of  soils  with 
a  view  of  selecting  merely  some  typical  representatives 
for  the  more  elaborate  physical  test. 

Among  the  many  tests  which  have  been  proposed 
for  the  preliminary  classification  of  soils,  the  method 
devised  by  Atterberg  seems  to  be  by  far  the  most 
promising  one  for  the  following  reasons: 

(a)  The  tests  can  be  made  within  a  short  time,  with 
simple  equipment. 

(b)  They  furnish  three  independent  coefficients,  viz, 
the  liquid  limit,  the  plastic  limit,  and  the  shrinkage  limit. 

However,  before  we  can  discuss  the  relative  im- 
portance of  these  tests  and  the  part  they  are  called  to 
play  among  the  methods  for  soil  identification  we 
must  find  out  what  these  tests  mean  and  what  are  the 
factors  which  determine  their  results. 

The  fundamental  principle  of  Atterberg's  method  is 
very  simple  and  very  logical.  Suppose  we  mix  a  soil 
with  a  considerable  quantity  of  water,  thus  transform- 
ing it  into  what  is  called  the  liquid  state.  In  this 
state  the  soil  is  even  apt  to  flow  out  like  a  thick  juice 
whenever  it  has  an  opportunity  to  do  so.  However, 
if  the  water  is  allowed  to  evaporate,  the  consistency  of 
the  soil  becomes  stiffer.  It  first  passes  into  a  state 
in  which  it  does  not  flow  any  more.  However,  by 
taking  a  piece  of  the  soil  and  working  it  with  the  hand, 
we  can  readily  mold  it.  We  say  the  soil  has  become 
plastic.  Further  evaporation  causes  the  soil  to  lose 
this  property  and  to  break  whenever  we  try  to  mold  it. 
Its  state  has  become  semisolid.  Finally,  its  color 
changes  from  dark  to  light  and  it  becomes  very  hard. 
(Solid  state).  Experience  shows  that  the  water 
content  at  which  a  soil  passes  from  one  of  these  states 
into  the  next  one  is  very  different  according   to  the 
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nature  of  the  soil  Hence  it  was  plain  common  sense 
which  suggested  the  working  out  of  certain  (although 
more  or  less  arbitrary)  standard  tests  for  tracing  the 
limit  between  the  different  states  and  for  characterizing 
the  soils  by  the  water  contents  which  correspond  to  the 
limits. 

The  most  important  disadvantage  of  Atterberg's,  as 
of  all  the  other  "simplified"  soil  tests,  as  moisture 
equivalent,  etc.,  is  that  their  physical  meaning  is  very 
complex,  to  such  an  extent  that  it  can  not  possibly  be 
expressed  in  terms  of  space,  mass  and  time. 

The  complexity  of  the  physical  character  of  the  tests 
makes  it  very  difficult,  if  not  impossible,  to  exclude  from 
them  certain  arbitrary  elements  depending  on  the  judg- 
ment of  the  observer.  In  addition  to  this,  the  relation 
which  exists  between  the  results  of  such  tests  and  the 
mechanical  properties  of  the  soil  (bearing  capacity, 
pressure-moisture  relations,  permeability)  is  necessarily 
somewhat  obscure  and  can  not  possibly  be  revealed 
except  by  experience.  For  these,  and  merely  for  these 
reasons,  the  preliminary  investigations  must  inevitably 
be  combined  with  a  more  elaborate  physical  one, 
whose  outcome  furnishes  figures  with  a  simple,  well- 
defined  meaning  comparable  to  the  data  used  in  struc- 
tural engineering. 

THE   PHYSICAL   MEANING   OF  THE  SIMPLIFIED   TESTS 

The  purpose  of  this  paper  is  to  explain  the  physical 
meaning  of  the  most  important  simplified  soil  tests  and 
to  evaluate  both  their  possibilities  and  limitations. 

The  liquid  limit. — It  has  been  pointed  out  by  Atter- 
berg that  the  lower  liquid  limit  is  a  rather  arbitrary 
one,  because  there  seems  to  be  no  definite  reason  why 
the  test  should  be  made  precisely  as  Atterberg  sug- 
gested. However,  during  the  last  several  years  expe- 
rience has  shown  that  the  water  content  which  corre- 
sponds to  Atterberg's  lower  liquid  limit  has  a  singular 
significance.  Suppose  a  clay  or  mud  deposit  has  been 
formed  by  sedimentation  in  a  pool  or  in  a  lake.  At  the 
beginning  the  deposit  is  liquid.  However,  as  time 
passes  the  water  content  of  the  deposit  gradually  de- 
creases and  finally  becomes  constant.  For  this  final 
state  it  has  been  found  that  the  water  content  of  the 
top  layer  of  the  deposit  is  approximately  equal  to  the 
liquid  limit. 

Physically,  the  lower  liquid  limit  merely  means  the 
water  content  at  which  the  soil  grains  still  have  a  cer- 
tain degree  of  liberty  to  readjust  themselves  under  the 
influence  of  slight  vibrations  without  changing  partners 
freely.  For  equal  materials  the  lower  limit  increases 
with  decreasing  grain  size  (decreasing  "specific  grain 
number").  At  equal  grain  size  the  lower  liquid  limit 
is  the  higher  the  more  scale-like  particles  the  soil 
contains.  Hence,  the  value  of  the  lower  liquid  limit 
may  indicate  different  properties  according  to  the  char- 
acter of  the  soil,  and  nothing  can  be  told  about  its 
significance  unless  one  knows  the  other  data  of  the 

TJie  plastic  limit— -The  plastic  limit  represents  the 
lowest  water  content  at  which  the  soil  can  still  be 
worked  into  threads  with  a  diameter  of  one-eighth 
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of  an  inch  without  breaking  into  pieces.  The  differ- 
ence between  the  lower  liquid  and  the  plastic  limit  has 
been  called  by  Atterberg  the  plasticity  index.  The 
greater  the  plasticity  index  the  more  plastic  the  material 
should  be. 

On  hearing  these  statements  one  can  not  avoid  a 
question  as  to  what  they  mean.  There  can  not  be  any 
doubt  about  the  significance  of  the  term  "plasticity." 
As  used  in  Atterberg's  definitions,  it  merely  means  the 
capacity  of  the  soil  to  undergo  certain  important 
changes  in  shape  (changes  involving  a  complete  rear- 
rangement of  the  particles)  without  a  noticeable 
change  in  volume.  Thus,  in  contrast  to  the  clays, 
the  sands  are  not  plastic,  because  every  appreciable 
change  in  shape  of  a  mass  of  sand  is  associated  with  a 
very  considerable  increase  in  the  volume  of  the  sand. 

Hence  the  controversial  part  of  the  statement  does 
not  concern  the  plasticity  in  itself,  but  the  degree  of 
plasticity.  The  striking  difference  between  the  atti- 
tude assumed  by  different  investigators  toward  Atter- 
berg's plasticity  index  is  essentially  due  to  two  facts: 

(a)  Failure  to  define  clearly  the  meaning  of  "degree 
of  plasticity,"  and 

(&)  The  hopeless  attempt  to  correlate  with  each  other 
the  plasticity  of  different  substances. 

The  term  "degree  of  plasticity"  has  as  much  or  as 
little  meaning  as  has  the  term  "degree  of  fluidity"  of 
liquids.  The  degree  of  fluidity  can  be  viewed  from 
two  different  angles,  according  to  whether  one  considers 
the  limits  of  the  range  within  which  the  substance  is 
liquid  (freezing  point  and  boiling  point)  or  considering 
the  viscosity  of  the  liquid  within  the  range  of  fluidity 
(viscosity  plotted  against  temperature).  In  a  perfectly 
analogous  way  we  can  either  consider  the  range  of 
moisture  within  which  a  soil  is  plastic  (Atterberg's 
method,  upper  and  lower  limit  of  plastic  state)  or  we 
can  consider  the  stiffness  of  the  plastic  material  (ulti- 
mate compressive  strength  plotted  against  moisture 
content).  Hence,  if  the  problem  is  considered  in  such 
a  way,  there  is  no  doubt  left  as  to  what  the  terms 
"plasticity"  and  "degree  of  plasticity"  mean.  The 
causes  of  plasticity  do  not  even  appear  in  these  equations. 

The  attempt  to  correlate  with  each  other  the  plastic- 
ity of  different  substances  is,  by  necessity,  hopeless 
because  the  plasticity  of  different  substances  may  be 
due  to  essentially  different  physical  causes.  Thus  the 
plasticity  of  metals  is  due  to  the  formation  of  sliding 
planes  across  the  crystalline  grains;  that  of  wax  is 
due  to  the  amorphous  structure  of  the  substance;  of 
clays,  to  the  presence  of  scalelike  particles;  and  of  fresh 
mortars,  to  some  other  still  unknown  causes.  For  this 
very  reason  the  study  of  the  plasticity  of  different 
materials  requires  different  experimental  methods. 
Thus,  while  Atterberg's  method  seems  to  be  most 
satisfactory  for  soils,  it  fails,  for  instance,  applied  to  the 
plasticity  of  mortars. 

PHYSICAL  SIGNIFICANCE   OF   THE   PLASTIC  LIMIT 

According  to  what  has  preceded,  the  lower  plastic 
limit  represents  the  water  content  at  which  a  soil 
ceases  to  be  plastic,  the  term  "plastic"  meaning  merely 
the  capacity  of  the  soil  to  be  rolled  out  into  threads  with 
a  certain  standard  diameter.  However,  experience  has 
shown  that  the  lower  plastic  limit  has,  for  clay  soils,  a 
still  deeper  physical  significance. 

According  to  the  writer's  observations,  the  coefficient 
of  permeability  of  a  homogeneous  clay  soil  decreases 
rapidly  with  decreasing  water  content,  until,  at  the 
plastic    limit,    it    becomes    practically    equal    to    zero 


regardless  of  the  value  of  the  plastic  limit.  Further- 
more, the  speed  at  which  the  water  evaporates  from  the 
surface  of  a  clay  sample  is  about  4  per  cent  greater 
than  the  speed  with  which  it  evaporates  from  a  free 
water  surface,  provided  the  moisture  content  is  higher 
than  the  plastic  limit.  At  the  plastic  limit  the  "relative 
speed  of  evaporation"  starts  to  decrease  and,  for  still 
lower  moisture  contents,  this  speed  rapidly  decreases 
with  decreasing  moisture  content.  From  these  and 
other  facts  it  has  been  concluded  that,  for  moisture 
contents  equal  to  or  smaller  than  the  plastic  limit,  the 
physical  properties  of  the  water  are  no  longer  identical 
with  those  of  free  or  of  ordinary  water. 
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Fig.  1. — Deformation  Diagram  for  a  Yellow  Bosphorus 
Clay  Soil  Showing  How  the  Deformation  of  a  Cube  of 
the  Soil  Produced  by  a  Given  Load  Increases  Sharply 
as  the  Moisture  Content  Passes  the  Lower  Plastic 
Limit 

Plasticity  index  {plastic  and  friable  soils). — According 
to  Atterberg  the  plasticity  index  is  equal  to  the  differ- 
ence between  the  liquid  and  the  plastic  limit.  The 
greater  the  plasticity  index  the  greater  is  the  quantity 
of  sand  with  which  the  soil  can  be  mixed  without  losing 
the  property  of  being  plastic.  For  this  and  for  other 
reasons,  Atterberg  considered  the  value  of  the  plasticity 
index  as  a  standard  for  the  degree  of  plasticity  of  the 
soil.  According  to  the  value  of  this  index,  he  dis- 
tinguished between — 

Friable  soils  (plasticity  index  less  than  1). 
Feebly  plastic  soils  (Index  1  to  7). 
Medium  plastic  soils  (Index  7  to  15). 
Highly  plastic  soils  (Index  greater  than  15). 

There  is  no  question  about  the  validity  of  this  classi- 
fication, provided  one  accepts  the  definitions  of  plastic- 
ity set  forth  in  the  preceding  paragraph.  Due  to 
complexity  of  the  factors  on  which  the  phenomenon 
of  plasticity  depends,  a  classification  based  on  the  degree 
plasticity  is  certainly  not  fit  for  permanent  purposes. 
However,  in  connection  with  a  preliminary  survey  of 
the  properties  of  a  group  of  soils,  it  is  fully  satisfactory. 

relation   between   plastic  limit   and   critical   bearing 

point 

Suppose  we  have  a  layer  of  clay,  laterally  confined, 
with  a  moisture  content  equal  to  the  liquid  limit  and 
we  put  that  layer  under  pressure  so  that  the  water 
squeezed  out  by  the  pressure  can  readily  drain  away. 
With  increasing  pressure  the  moisture  content  de- 
creases. At  a  pressure  of  about  2  to  8  atmospheres 
(according  to  the  character  of  the  soil)  the  moisture 
content  passes  the  plastic  limit  and  the  clay  becomes 
semisolid.     If  at  a  certain  pressure  we  interrupt  the 
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test,  remove  the  pressure  rapidly,  at  the  same  time 
preventing  the  clay  from  becoming  resaturated,  we 
obtain  a  clay-water  mixture  with  a  certain  cube 
strength  and  a  certain  bearing  capacity,  both  depending 
on  the  intensity  of  the  pressure  at  which  the  test  was 
stopped  and  on  the  character  of  the  soil. 

The  relations  which  exist  between  pressure,  water 
content,  and  cube  strength  are  already  so  well  known 
that  we  can  theoretically  compute  what  the  outcome 
of  such  tests  would  be.  Thus  we  may  ask  the  following 
question:  Suppose  we  reduce  the  water  content  of  a 
soil  from  an  initial  value  w0  to  a  moisture  content,  w, 
less  than  w0.  Then  we  cut  out  of  the  soil  a  cylindrical 
body  with  a  diameter  of  1  inch  and  a  height  of  1  inch, 
and  load  it  with  a  load  of  12  pounds.  What  is  the 
compression  of  this  cylinder  in  thousandths  of  an  inch? 
And  what  relation  exists  between  this  compression 
and  the  moisture  content,  w? 

Let  g=12  pounds,  the  load  acting  on  the  cylinder, 

w=  the  water  content  (in  cubic  centimeters 

per  cubic,  centimeter  of  solid  material), 

s  =  the  compression  of  the  cylinder,  in  inches 

per  inch, 
e=  the  base  of  the  natural  logarithms,  and 
a,  c  and  p0=  constants  of  the  soil. 

Based  on  the  soil  equations  previously  published  by 
the  writer,1  we  obtain  for  the  compression  s  the  formula 


s  =  0.0294 


1.95 


Po 


Vo 


(1) 


Figure  1  shows  the  relation  which  exists,  according 
to  this  formula,  between  w' ,  the  moisture  content  in 
per  cent  of  the  dry  weight  of  the  sample,  and  s  for  a  fat, 
yellow  pottery  clay,  with  a  liquid  limit  of  58.0,  aplastic 
limit  of  24.2  and  a  shrinkage  limit  of  14.0.  To  substitute 
w'  in  the  formula  instead  of  w  it  is  necessary  to  make 

use  of  the  relation  w'  =  — ,  in  which  n  is  the  specific 

gravity  of  the  material.  For  low  moisture  contents  the 
compression  of  the  cube  is  very  small.  However,  for 
moisture  contents  above  the  plastic  limit  the  compres- 
sion rapidly  increases  with  the  moisture  content.  The 
sharp  break  in  the  curve  corresponds  approximately  to 
the  plastic  limit.  Since  the  bearing  capacity  of  plastic 
soils  is  simply  proportional  to  their  cube  strength,  we 

1  Terzaghi,  Erdbaumechanik,  1925. 


would  obtain  for  the  relation  between  the  moisture 
content  and  the  penetration  of  a  cylindrical  bearing 
block  a  similar  set  of  curves.  The  reason  why  the  sharp 
break  in  the  curve  approximately  coincides  with  the 
plastic  limit  is  merely  that,  for  most'  of  the  plastic  soils, 
the  pressure-moisture  content  curve  rapidly  flattens  out 
at  moisture  contents  below  the  plastic  limit.  It  is  what 
we  may  call  a  purely  mechanical  coincidence,  without 
any  deeper  physical  significance,  but  it  seems  to  hold 
fairly  universally. 

Mr.  B.  H.  Levenson,  of  the  Bureau  of  Public  Roads, 
has  realized  the  same  fact  by  pure  experience.  He 
calls  the  moisture  content,  which  corresponds  to  the 
sharp  bend  in  the  curve,  the  "critical  bearing  point," 
because  for  moisture  contents  above  that  point  the 
compressions  produced  by  concentrated  loads  rapidly 
increase  with  increasing  moisture  content.  As  a 
result  of  his  tests,  he  has  found  that  the  "critical 
bearing  point"  approximately  coincides  with  the 
plastic  limit  for  all  the  soils  he  has  tested. 

In  addition  to  this,  Mr.  Levenson  has  brought  out 
another  interesting  point.  The  formula  (1)  and 
Figure  1  refer  to  a  clay  which  does  not  contain  any 
appreciable  quantity  of  air;  i.  e.,  whose  interstices  are 
completely  filled  with  water.  In  contrast  to  this,  Mr. 
Levenson  experimented  with  clays  which  consisted 
of  a  mixture  of  clay,  water,  and  air.  Such  clays  can 
be  considered  as  accumulations  of  moist  grains  which 
slide  on  each  other,  wherever  they  touch,  while  for 
the  most  part  the  voids  between  the  grains  are  filled 
with  air.  It  is  obvious  that  the  bearing  capacity  of 
such  materials  depends  largely  on  the  manner  in 
which  the  samples  have  been  prepared.  Neverthe- 
less, for  such  samples,  too,  the  critical  bearing  point 
is  found  to  coincide  more  or  less  with  the  plastic  limit. 

Mr.  Levenson  prepared  his  specimen  in  the  follow- 
ing way:  For  compression  \ests  with  unconfined  soil 
cylinders  (a)  he  dried  100  grams  of  soil,  powdered  the 
sample,  and  passed  it  through  a  2-millimeter  sieve. 
The  fraction  which  passed  the  sieve  was  mixed  with 
the  moisture  he  wanted  to  add;  the  mixture  of  water 
and  clay  was  left  over  night  in  the  humidifier,  and  the 
specimen  was  moulded  the  following  morning  under  a 
pressure  of  70  pounds  per  square  inch,  acting  during  a 
period  of  two  minutes.  The  specimen  had  a  height 
of  1  inch  and  a  cross-section  area  of  1  square  inch. 
During  the  compression  tests  the  top  surface  of  the 
specimen  was  covered  with  an  aluminum  bearing 
block  with  a  diameter  of  \y%  inches  and  a  thickness 
of  one-eighth  inch. 
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The  tests  with  plastic  soils  confined  within  a  rigid 
ring  (b)  required  about  300  grams  of  dried  soil.  Com- 
pacting of  the  sample  was  accomplished  by  a  pressure 
of  25.1  pounds  per  square  inch  (1.76  kg.  per  sq.  cm.), 
acting  during  a  period  of  three  minutes.  The  ring 
had  a  diameter  of  2M  inches  and  a  height  of  1  inch. 
The  test  was  performed  by  placing  on  top  of  the  speci- 
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Fig.  3. — Relation  Between  the  Plastic  Limit  and  the  Crit- 
ical  Bearing  Point  of  Plastic  Soils  Tested  at  Arlington. 
For  Medium  and  Feebly  Plastic  Soils  the  Critical 
Bearing  Point  Is  Equal  to  or  Somewhat  Lower  Than 
the  Plastic  Limit 

men  a  circular  bearing  block  covering  an  area  of  1 
square  inch  and  applying  the  load  on  top  of  this  block. 

The  pressure  used  for  preparing  the  plastic  soils 
for  the  confined  tests  (b)  is  somewhat  smaller  than  the 
pressure  required  for  reducing  the  water  content  of  an 
immersed  specimen  to  the  plastic  limit.  Hence  for 
moisture  contents  above  the  plastic  limit,  the  process 
furnished  homogeneous  samples,  practically  identical 
with  those  referred  to  in  Figure  1.  On  the  other 
hand,  for  moisture  contents  below  the  plastic  limit 
the  experimenter  obtained  what  we  may  call  a  con- 
glomerate of  wet  grains,  which  can  not  be  compared 
with  those  whose  properties  are  described  by  Figure  1 . 

Some  of  the  results  obtained  by  Mr.  Levenson  are 
represented  in  Figure  2.  For  this  figure  the  ordinates 
represent  the  moisture  (in  per  cent  of  the  weight  of  the 
dry  material)  with  which  the  samples  have  been  pre- 
pared (unconfined  samples,  method  a).  The  abscissae 
give  the  compression  of  the  soil  cylinders  under  the 
influence  of  a  load  of  5.6  and  12.0  pounds  per  square 
inch,  respectively,  in  thousandths  of  an  inch.  The 
upper  parts  of  the  curves  run  almost  horizontally,  as 
do  the  upper  parts  of  the  theoretical  curves  in  Figure  1 . 
The  steep  branches  of  the  curves  rise  under  a  very  much 
smaller  angle  than  those  in  Figure  1,  due  to  the  granular 
structure  of  the  soil.  In  spite  of  that  the  sharp  break 
(critical  bearing  point)  coincides  closely  with  the  plastic 
limit. 

For  very  plastic  soils  of  the  type  to  which  Figure  1 
refers  the  critical  bearing  point  seems  to  be  somewhat 
above  the  plastic  limit.  For  medium  and  for  feebly 
plastic  soils  the  critical  bearing  point  is  equal  to  or 
somewhat  lower  than  the  plastic  limit  (fig.  3).  For 
friable  soils  the  plastic  and  the  liquid  limit  are  identical, 


and  their  critical  bearing  point  is  approximately  equal 
to  75  per  cent  of  the  water  content  which  corresponds 
to  the  lower  liquid  limit.  (See  fig.  4.)  Hence,  if 
passing  from  the  very  plastic  down  to  the  very  friable 
soils,  the  critical  bearing  point  gradually  shifts  from 
the  plastic  range  into  the  semisolid  range. 

Figure  5  illustrates  the  effect  of  a  sand  admixture 
on  the  bearing  properties  of  a  plastic  soil.  Figure  5a 
corresponds  to  a  plastic  soil,  Figure  5b  represents  the 
same  soil  mixed  with  50  per  cent  of  sand  (pure  quartz 
sand,  passing  the  100-mesh  screen),  and  Figure  5c 
corresponds  to  the  soil  mixed  with  90  per  cent  of  sand. 
Since  an  admixture  of  sand  invariably  lowers  the  plastic 
limit,  the  critical  bearing  point  also  goes  down  with 
increasing  sand  content. 

THE  SHRINKAGE  LIMIT 

If  the  water  content  of  a  soil  decreases  on  account  of 
evaporation  to  values  below  the  lower  plastic  limit,  the 
soil  is  said  to  pass  from  the  plastic  into  the  semisolid 
state.  During  this  process  the  decrease  in  volume  of 
the  soil  is  precisely  equal  to  the  value  of  the  water  lost 
by  evaporation.  However,  as  soon  as  the  moisture 
content  reaches  a  certain  minimum  limiting  value  the 
volume  of  the  sample  ceases  to  diminish,  while  the 
weight  of  the  sample  still  continues  to  decrease.  We 
say  that  the  sample  has  passed  from  the  semisolid  into 
the  solid  state.     The  limit  between  the  two  states  is 
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Fig.  4. — Relation  Between  the  Lower  Liquid  Limit  and 
Critical  Bearing  Point  of  Friable  Soils  Tested  at 
Arlington.  For  Friable  Soils  the  Critical  Bearing 
Point  Is  Approximately  Equal  to  75  Per  Cent  of  the 
Water  Content  Corresponding  to  the  Lower  Liquid 
Limit 

marked  by  a  change  of  the  color  of  the  sample  from 
dark  to  light.  The  moisture  content  which  corresponds 
to  the  point  of  transition  between  the  two  states  was 
called  by  Atterberg  the  "shrinkage  limit." 

The  mechanics  of  the  process  of  shrinkage  has  been 
explained  by  the  writer  in  his  theory  of  the  capillary 
pressure  2  in  the  following  way : 

Figure  6A  shows  a  cross  section  through  a  small  lump 
of  soil  whose  moisture  content  is  greater  than  the 
shrinkage  limit.  The  voids  are  completely  filled  with 
water.     The  free  surface  of  the  water  is  located  within 

'  Terzaghi,  Erdbaumechanik.  1925. 
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Fig.  5. — Relation  of  Moisture  Content  and  Deformation  of  a  Soil  Tested  at  Arlington,  Showing  the  Effect  of 

Admixtures  of  Sand  on  the  Bearing  Properties  of  the  Soil 


the  surface  of  the  sample  and  the  surface  tension  exerts 
on  the  outer  surface  of  the  sample  a  uniformly  dis- 
tributed pressure,  in  every  respect  comparable  to  an 
external  pressure  acting  like  a  hydrostatic  pressure  at 
every  point  perpendicular  to  the  outer  surface  of  the 
sample.  This  surface  tension,  which  causes  the  soil  to 
shrink,  is  the  same  force  which  drives  the  water  up  in 
a  capillary  tube  and  which  prevents  the  water  from 
flowing  back  through  such  a  tube,  provided  the  length 
of  the  tube  is  smaller  than  the  height  of  capillary  rise. 
No  air  can  get  from  outside  into  such  a  tube  and,  for 
the  same  reason,  no  air  can  get  into  the  clay  as  long  as 
the  pressure  exerted  by  the  surface  tension  is  smaller 
than  the  pressure  required  to  still  further  compress  the 
clay. 

At  the  lower  liquid  limit  the  pressure  exerted  by  the 
surface  tension  of  the  water  or  by  the  "capillary  pres- 
sure," as  it  should  be  called,  is  practically  equal  to 
zero.  At  the  lower  plastic  limit  it  amounts  already  to 
several  atmospheres  and,  while  the  sample  passes 
through  the  semisolid  state,  the  capillary  pressure 
becomes  still  higher.  Finally,  however,  there  comes  a 
point  where  the  force  required  to  produce  a  volume 
change  equal  to  the  volume  of  the  evaporating  water 
becomes  greater  than  the  maximum  value  the  capillary 
pressure  can  possibly  assume.  Hence,  if  still  more 
water  evaporates,  the  surface  of  the  capillary  water 
withdraws  into  the  interior  of  the  soil.  Air  enters  the 
voids  and,  as  a  consequence,  the  color  of  the  soil 
changes  from  dark  to  light.  The  water  content  at 
which  this  change  occurs  is  the  "shrinkage  limit. 
The  shrinkage  limit  obviously  depends  on  two  factors: 
The  compressibility  of  the  soil  and  the  maximum  value 
of  the  capillary  pressure. 


Due  to  the  simple  geometrical  relation  which  exists 
between  the  volume  change  and  the  water  content,  the 
shrinkage  limit  S  can  easily  be  computed  from  the  fol- 
lowing data:  Volume,  V,  of  the  sample  at  water  con- 
tent, w,  the  volume,  V0>  of  the  dry  sample  (identical 
with  the  volume  of  the  soil  at  the  shrinkage  limit)  and 


A  B 

VOIDS  COMPLETELY  FILLED  VOIDS  FILLED  WITH  WATER 

WITH  WATER  AND  AIR 

FlG  6— Cross  Sections  of  a  Lump  of  Soil,  (A)  When  the 
Moisture  Exceeds  the  Shrinkage  Limit,  and  (B)  When 
the  Moisture  Content  Is  Less  Than  the  Shrinkage  Limit 

the  weight,  W,  of  the  dry  sample.  At  water  contents 
above  the  shrinkage  limit  no  air  gets  into  the  sample. 
Hence  the  difference,  w-S,  between  the  original  water 
content,  w,  and  the  shrinkage  limit,  S,  is  obviously 
equal  to  the  volume  change,  V-VQ,  divided  by  the  dry 
weight,  W,  or 

Vo  =  w-S 


and  therefore 


W 


S  =  w- 


V^Vo 

w 
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Fig.  7. — Typical  Relation  Between  Moisture  Content  and  Volume  Change  for  Friable  and  Plastic  Soils.  The 
Shrinkage  Limit  Is  Indicated  by  the  Intersection  of  the  Extended  Portion  of  the  Straight  Part  of  the  Curve 
With  the  Vertical  Axis 


If  this  equation  be  plotted  as  a  diagram,  one  obtains 
for  the  relation  between  volume  change  and  moisture 
content  a  straight  line.  The  ordinate  of  the  point  of 
intersection  between  this  line  and  the  vertical  axis  is 
equal  to  the  shrinkage  limit  (fig.  7).  In  practice,  how- 
ever, the  semisolid  state  passes  not  suddenly  but  grad- 
ually into  the  solid  state  for  the  following  reason:  As 
soon  as  the  surface  of  the  water  withdraws  from  the 
outer  surface  of  the  soil  into  the  interior  (fig.  6B),  the 
surface  tension  acts  no  longer  like  an  external  pressure, 
because  the  capillary  water  forms  now  innumerable 
droplets  scattered  throughout  the  interior  of  the  soils, 
separated  from  each  other  by  small  air  bubbles.  The 
surface  tension  is  confined  to  the  vicinity  of  the  points 
of  contact  between  the  individual  grains,  and  its  effect 
essentially  consists  in  slightly  rearranging  the  individual 
particles  by  pulling  them  still  closer  together.  The 
additional  compression  produced  by  this  process  is 
very  small.  Nevertheless,  it  shows  up  quite  clearly 
on  every  moisture  content — volume  change  diagram. 
(See  fig.  7.) 

RELATIONS   BETWEEN   THE  LIMITS   OF   CONSISTENCY 

From  the  preceding  discussion  of  Atterberg's  limits 
it  became  evident  that  each  one  of  the  limits  depends 
on  different  factors  cooperating  in  a  different  way  in 
producing  the  consistency  to  which  the  limits  refer. 
Thus  the  lower  liquid  limit  essentially  depends  on  the 
number  of  grains  per  unit  of  volume  and,  to  a  smaller 
extent,  on  the  shape  of  the  particles.  On  the  other 
hand,  the  plastic  limit  and  the  index  of  plasticity  largely 
depend  on  the  shape  of  the  grains  while  the  number  of 


grains  (specific  grain  number)  seems  to  play  a  less 
important  part.  The  shrinkage  limit  varies  with 
both  factors  and,  in  addition,  to  a  large  extent  with  the 
uniformity  of  the  soil.  Hence  it  is  obvious  that  both 
the  values  of  the  limits  and  the  relation  between  the 
different  limits  are  apt  to  vary  with  the  soil  (fig.  8). 
In  general,  for  friable  soils,  the  shrinkage  limit  may  be 
anywhere  between  the  lower  liquid  limit  and  50  per 
cent  of  its  value.  For  plastic  soils  the  shrinkage  limit 
ranges  between  a  water  content  of  10  and  20  per  cent 
(in  exceptional  cases  more),  and  no  definite  relation 
exists  between  the  plastic  and  the  shrinkage  limit. 

If  a  plastic  soil  is  mixed  with  sand,  both  the  lower 
liquid  and  the  lower  plastic  limit  decrease  with  in- 
creasing sand  content.  At  the  same  time  the  difference 
between  the  two  limits  (Atterberg's  plasticity  index) 
decreases  and,  at  a  certain  percentage,  p,  of  sand,  the 
plasticity  index  becomes  equal  to  zero.  According  to 
Atterberg,  p  should  be  the  higher,  the  greater  the 
plasticity  index. 

THE   MEANING   OF   THE   MOISTURE   EQUIVALENT 

The  limits  of  consistency  described  in  the  preceding 
paragraphs  have  always  the  same  physical  significance 
regardless  of  the  fineness  of  the  soil.  In  contrast  to 
this  an  analysis  of  the  moisture  equivalent  test  has 
shown  that  the  meaning  of  this  test  essentially  depends 
on  the  effective  size  of  the  soil  grains. 

This  analysis  was  based  on  the  known  relation  which 
exists  between  the  centrifugal  force,  the  effective  size 
of  the  voids,  and  the  maximum  value  of  the  surface 
tension.     It  led  to  the  following  conclusions: 
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Fig.  8. — Lower  Liquid  and  Plastic  Limits  and  Shrinkage 
Limits  of  Soils  from  Cuba  Tested  at  Arlington,  Show- 
ing by  the  Length  of  Abscissa  Between  the  Plastic 
and  Liquid  Limits  the  Plasticity  Index  of  the  Soils 
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Fig.  9. — Regional    Diagram    Showing    Limits    and    Mois- 
ture Equivalent  of  Soils  from  California 

(a)  If  plastic  soils  (ordinary  clay  soils)  are  submitted 
to  the  moisture  equivalent  test,  the  voids  of  the  soil 
remain  completely  filled  with  water.  The  centrifugal 
force  combined  with  the  surface  tension  of  the  water 
exerts  on  the  sample  a  force  whose  intensity  depends 
on  the  speed  of  rotation,  on  the  thickness  of  the  layer 
of  soil,  and,  for  very  plastic  soils,  on  the  duration  of 
the  test.  The  greater  the  speed  of  rotation  the  thicker 
the  layer,  and  (for  very  plastic  soils)  the  greater  the 
duration  of  the  test  the  smaller  is  the  moisture  equiv- 
alent. If  performed  under  the  standard  condition 
described  in  Public  Roads,  April,  1925,3  the  moisture 
equivalent  represents  the  water  content  which  cor- 
responds to  an  external  pressure  of  approximately  2 
kilograms  per  square  centimeter,  acting  for  a  period 
of  one  hour,  i   Since  the  pressure  required  for  reducing 

'  Procedure  for  Testing  Subgrade  Soils,  by  J.  R.  Boyd,  Public  Roads,  vol.  6,  No. 
2,  April,  1925. 
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Fig.  11. — Regional    Diagram  Showing    Limits    and    Mois- 
ture Equivalent  of  Soils  from  South  Dakota 
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Fig.  12. — Regional    Diagram    Showing    Limits   and    Mois- 
ture Equivalent  of  Soils  from  Texas 

the  water  content  of  a  clay  down  to  the  lower  plastic 
limit  amounts  to  2.5  kilograms  per  square  centimeter 
or  more,  the  moisture  equivalent  for  plastic  soils 
should  always  be  somewhat  higher  than  the  lower 
plastic  limit.  Figures  9  to  12,  inclusive,  show  the 
limits  and  the  moisture  equivalent  for  a  great  number 
of  soils  tested  in  the  experimental  station  of  the  Bureau 
of  Public  Roads  at  Arlington.  For  all  the  plastic 
soils  (i.  e.,  for  all  those  soils  whose  lower  liquid  limit 
is  appreciably  higher  than  the  lower  plastic  limit 
represented  on  the  diagrams)  the  moisture  equivalent 
is  located  between  the  two  limits. 

Hence  from  the  results  of  our  analysis  it  became 
evident  that,  for  plastic  soils,  the  moisture  equivalent 
has  nothing  whatsoever  to  do  with  the  drainage 
properties  of  the  soil.  It  merely  tells  about  the 
compression  produced  by  a  certain  pressure. 
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(b)  If  friable  soils  with  fairly  large  voids  are  sub- 
mitted, to  the  moisture  equivalent  test,  the  centrif- 
ugal force  acting  on  the  capillary  water  overcomes 
the  surface  tension.  Part  of  the  capillary  water  is 
ejected  from  the  voids;  air  invades  the  interior  of  the 
sample  and  the  capillary  water  is  split  up  into  a  great 
number  of  small  droplets,  adhering  to  the  points  of 
contact  between  the  individual  grains.     As  a  conse- 


SOIL 
NO 

PLASTICITY  INDEX 
3S       28       21        14        7         0' 

CLASS 

LIQUID 

LIMIT 

PERCENT 

42 

1698 
1699 
12  74 
1690 
1276 
1667 
1273 
1693 
1696 
1619 
1689 
1620 

730 
1649 

924 
1442 
1644 

1606 

796 

1645 

37 

16 

13 

952 

6 

12 

14 

1242 

1459 

1547 

1611 

1003 

1563 

1 

J        J 

j 

-X-I20- 
*2S8- 
*-2ll  — 
-x-147  — 
*224- 
-x-169- 

y 

800 
TO 
56  6 

„</ 

,"      „<* 

s'  S 

tf 

i     I 

— — ^ 

^ 

'       ^*~z— 

■~L?          •* 

f 

L^—~f 

^*  r 

/                 A 

' 

^^r~~ 

* J- 

7* 7~~ 

j^-r 

7*     7 

-X- 167  5- 

-X-ISI  — 
•x-200  — 
*-2l6  — 

*  144  — 
-K-100  — 

ii 

56  8 
TO 

400 

•-. 

■v- 

I 

.   / 1 

i 

->        1 

i 

>+* 

1     / 

\ 

J    < 

■>J       ^ 

/ 

f    ,    -v. 

ER  LIQUID  LIMIT- 

,      L 

.A 

j? 

; 

—  -  — 

s* 

^       1        1 

--- — 

i 

— X    J 

^CURVES  OF  EQUAL 
PLASTICITY  INDEX 

-          f 

<' 

'        « 

-— — 

T 

-LOWER  PLASTIC  LIMIT 

-X-82.5- 

in 

40  0 
TO 
28  4 

J 

J        ' 

X.I 

*        1 

"   u 

-—SHRINKAGE  LIMIT 

^ 

*-. 

n 

284 
TO 
20  0 

*i 

V 

c> 

X--DYE  ADSORPTION  NUMBER 

^ 

''  V*' 

i 

142-20 

-•,  Y 

0  10  20  30  40  50  60  70  80 

PER  CENT  OF  MOISTURE  CONTENT  AND  DYE  ADSORPTION  NUMBER 

Fig.  13. — Regional    Diagram    Showing    Limits    and     Dye 
Adsorption  Numbers  of  Soils 

quence,  the  pressure  acting  on  the  sample  during  the 
test  has  no  more  a  definite  value.  The  pressure 
depends  on  the  ultimate  water  content  which,  in  turn, 
depends  on  the  number  of  points  of  contact  per  unit 
of  volume.  The  greater  this  number  the  greater  the 
moisture  equivalent.  Hence  in  this  case,  the  moisture 
equivalent  becomes  an  index  of  the  draining  properties 
of  the  soil.  Since  not  all  of  the  voids  are  filled  with 
water,  the  moisture  equivalent  should,  for  friable  soils, 
be  lower  than  the  lower  liquid  limit.  This  statement, 
too,  is  confirmed  by  the  data  represented  by  Figures 
9  to  12,  inclusive. 

(c)  For  soils  intermediate  between  plastic  and  friable 
soils  the  moisture  equivalent  has  no  definite  meaning 
at  all. 

FIELD   MOISTURE   EQUIVALENT   TEST   ERRONEOUSLY   NAMED 

In  connection  with  the  earlier  attempts  to  investi- 
gate the  properties  of  subgrades,  A.  C.  Rose,  of  the 
Bureau  of  Public  Roads,  developed  a  field  test  which 
was  believed  to  furnish  the  moisture  equivalent  without 
using  the  centrifuge.  He  described  his  test  as  follows:4 
"The_  test  is  made  by  taking  a  500-gram  sample  of 
air-dried  soil,  breaking  up  the  lumps,  placing  the 
sample  in  a  bowl,  adding  water  slowly  from  a  burette, 
mixing  the  water  and  soil  until  it  reaches  the  consist- 
ency of  putty  and  may  be  compacted  with  a  spoon 
or  spatula  without  any  free  water  remaining  on  the 
surface.  Water  is  then  allowed  to  drop  upon  the 
smoothed  surface  as  long  as  it  is  abosrbed.  Before 
the   moisture  equivalent  percentage  is  reached,    the 

*  Practical  Tests  for  Subgrade  Soils,  by  A.  C.  Rose,  Public  Roads,  August,  1924. 


sample  will  absorb  water  readily,  but  when  the  critical 
value  is  passed,  the  surface  will  retain  a  wet,  shining 
appearance. " 

From  the  mere  description  of  the  test  one  learns 
that  the  result  has  physically  nothing  in  common  with 
the  result  of  the  standard  moisture  equivalent  test. 
For  plastic  soils  the  moisture  equivalent  represents 
the  moisture  which  corresponds  to  a  pressure  of  approxi- 
mately 2  kilograms  per  square  centimeter,  provided 
the  initial  moisture  content  of  the  sample  was  consider- 
ably greater.  In  contrast  to  this,  Mr.  Rose's  field- 
moisture  determination  represents  the  water  content 
which  corresponds  to  a  pressure  of  zero,  provided 
the  initial  water  content  of  the  sample  was  consider- 
ably lower. 

In  order  to  realize  the  physical  meaning  of  the 
field-moisture  test,  one  has  to  remember  the  fact  that 
under  normal  conditions  the  capillary  water  contained 
in  the  voids  of  a  plastic  soil  with  a  plastic  consistency 
is  in  a  state  of  tension.  Evaporation  of  capillary  water 
increases  the  tension,  while  the  moistening  of  the 
sample  causes  the  tension  to  drop.  (See  the  paragraph 
on  the  shrinkage  limit.)  Tension  in  the  capillary  water 
means  a  negative  hydrostatic  pressure.  On  the 
surface  of  the  sample,  the  hydrostatic  pressure  is 
equal  to  zero.  Hence,  if  one  places  a  drop  of  water 
on  the  surface  of  a  piece  of  soil  whose  capillary  water 
is  in  a  state  of  tension,  the  water  flows  at  once  toward 
the  zone  of  negative  pressure,  and  one  says  the  water 
"has  been  absorbed".     However,  by  steadily  increasing 
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Fig.  14. — Regional     Diagram    Showing     Limits    of    Soils 
from  Pennsylvania 

the  moisture  content  one  steadily  decreases  the  tension 
in  the  capillary  water  until  finally  a  point  is  reached 
where  this  tension  becomes  equal  to  zero.  This 
point  obviously  represents  Mr.  Rose's  field  moisture, 
because  the  criterion  of  the  test  consists  in  the  sample 
losing  its  property  of  absorbing  additional  moisture. 

Figure  15  shows  the  relation  between  pressure  and 
voids  ratio  for  a  feebly  plastic  Pennsylvania  soil. 
The  initial  water  content  of  the  sample  was  equal  to 
the  lower  liquid  limit.  By  gradually  raising  the 
pressure  from  zero  to  3  kilograms  per  square  centimeter 
(AC),  the  voids  ratio  dropped  from  0.837  to  0.595. 
By  reducing  the  pressure  again  from  3  kilograms  per 
square  centimeter  to  zero,  the  voids  ratio  increased 
again  from  0.595  to  0.625  (rebound  curve  CD). 
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In  the  diagram,  the  section,  AB,  of  the  upper  curve 
represents  the  changes  the  sample  would  have  under- 
gone during  a  moisture  equivalent  test  (raising  the 
pressure  from  zero  to  2  kilograms  per  square  centi- 
meter), and  the  ordinate  of  the  point,  B,  represents 
the  moisture  equivalent  in  terms  of  voids  ratio.  In 
contrast  to  this,  the  field-moisture  test  is  represented, 
not  by  a  part  of  the  upper  but  of  the  lower  curve 
CD,  and  the  ordinate  of  the  point  D  represents  the 
field  moisture.  In  this  particular  case  the  "field- 
moisture"  test  would  have  furnished  practically  the 
same  result  as  the  moisture  equivalent  test  (0.625 
against  0.622  in  terms  of  voids  ratio).  Nevertheless, 
the  close  agreement  between  the  values  would  have 
been  no  less  a  mere  mechanical  coincidence  than  is  the 
coincidence  between  the  plastic  limit  and  the  critical 
bearing  point. 

Thus  the  "field-moisture"  determination  merely 
indicates  the  maximum  amount  of  moisture  a  soil 
is  apt  to  absorb  when  its  moisture  content  is  increased 
from  a  lower  value  by  gradually  adding  moisture. 
The  objectionable  feature  of  the  test  consists  in  the 
fact  that  the  "field  moisture"  obviously  depends  on 
the  initial  water  content.  Thus,  if  the  test  is  started 
at  the  point  B,  of  the  diagram,  Figure  15,  instead  of 
at  point  C,  the  sample  would  have  passed  through  the 
process  BD1,  and  the  result  of  the  test  would  have 
been  a  voids  ratio  of  0.661  instead  of  0.625.  For  this 
reason  one  can  hardly  expect  consistent  results  in  case 
the  tests  are  made  by  two  independent  observers. 

According  to  Mr.  Rose,  the  soils  of  the  Pacific  North- 
west were  found  to  represent  good,  mediocre,  or  poor 
subgrades,  according  to  whether  their  "field  moisture 
equivalent"  was  smaller  than  20,  from  20  to  30,  or 
greater  than  30  per  cent.  Moisture  contents  of  20  and 
30  per  cent,  respectively,  correspond  to  the  volumes  of 
voids  of  35  and  44  per  cent,  respectively.  Considering 
this  fact  and  the  physical  meaning  of  the  field  moisture 
test,  Mr.  Rose's  statement  has  the  following  signifi- 
cance: A  subgrade  is  good  or  mediocre  according  to 
whether  a  thorough  soaking  after  a  period  of  dryness 
does  not  increase  its  volume  of  voids  beyond  35  or  44 
per  cent,  respectively.  This  experience  is  closely  re- 
lated to  the  fact  that  the  same  sand  may  have  a  very 
great  bearing  capacity  or  almost  none  according  to 
whether  its  volume  of  voids  is  equal  to  42  or  48  per 
cent5  (more  or  less,  depending  upon  the  nature  of  the 
sand).  This,  in  turn,  is  connected  with  the  fact  that 
the  volume  of  voids  in  an  accumulation  of  equal  spheres 
ranges  between  the  extreme  limits,  25.8  per  cent  and 
47.6  per  cent.  The  greater  the  volume  of  voids,  the 
smaller  the  resistance  of  the  spheres  against  mutual  dis- 
placement, and  beyond  a  value  of  47.6  per  cent  the 
accumulation  is  unstable,  which  means  that  its  bearing 
capacity  drops  to  a  very  small  value. 

The  "ultimate  swell,"  represented  by  Mr.  Rose's  field 
moisture,  is  among  the  data  furnished  by  the  standard 
swelling  test  which  has  recently  been  incorporated  in 
the  investigation  program  of  the  Bureau  of  Public 
Roads.  Figure  15  represents  the  results  of  such  a  test. 
Since  both  the  initial  state  of  the  sample  and  the  pres- 
sure corresponding  to  the  point,  C,  are  standardized, 
the  personal  element  is  excluded  and  the  "ultimate 
swell"  thus  obtained  represents  a  physical  fact  with 
known  meaning.  It  will  be  among  the  problems  of  the 
proposed  field  survey  to  determine  whether  the  ultimate 
swell  is  the  only  factor  which  governs  the  behavior  of 

5  Terzaghi,  Erdbaumechanik,  1925. 


the  subgrade  or  whether  there  are  other  additional 
factors  entering  into  the  relation  between  subgrade  and 
road  surface.  For  the  time  being  it  would  be  prema- 
ture to  express  any  opinion  concerning  the  possible  out- 
come of  this  investigation.  However,  Mr.  Rose's  ob- 
servations represent  a  very  valuable  group  of  facts  to 
start  with. 

THE   DYE   ADSORPTION   TEST 

The  results  of  all  those  tests  which  have  been  de- 
scribed in  the  preceding  paragraphs  essentially  depend 
on  the  mechanical  properties  of  the  soil;  i.  e.,  on  the 
size  and  shape  of  the  grains  and  on  the  uniformity  of 
the  mixture.     In  contrast  to  this,  the  result  of  the  dye 


pressure  in  kilograms  per  square  centimeter 

Fig.  15. — Pressure-Voids  Ratio  Diagram  for  a  Feebly 
Plastic  Pennsylvania  Soil,  Illustrating  the  Difference 
Between  the  True  Moisture  Equivalent  (B)  and  the 
So-Called  "Field  Moisture  Equivalent"  (D,  D') 

adsorption  test  seems  to  depend  essentially  on  the 
chemical  nature  of  the  soil  particles  and  on  their  elec- 
trolyte content.  As  a  consequence,  there  seems  to  be 
no  definite  relationship  between  the  limits  and  the  dye 
adsorption  number,  except  for  the  fact  that  the  soils 
with  high  liquid  limits  have  higher  dye  adsorption 
numbers  than  soils  with  a  low  liquid  limit.  To  illus- 
trate this  statement,  Figure  13  may  serve.  In  this 
figure,  the  erratic  character  of  the  dye  adsorption  num- 
ber is  quite  conspicuous,  soils  with  similar  limits  haying 
widely  different  dye  adsorption  numbers.  Hence  it  is 
obvious  that  the  dye  adsorption  number  expresses 
among  others  a  factor  independent  of  those  which  de- 
termine the  limits.  This,  in  itself,  is  a  very  valuable 
property  of  the  dye  adsorption  test.  However,  before 
we  are  able  to  make  any  statement  concerning  the  value 
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of  the  dye  adsorption  test,  we  must  know  whether  the 
factor  expressed  by  the  dye  adsorption  number  has  an 
appreciable  effect  on  the  mechanical  properties  of  the 
soil.  This  question  can  not  possibly  be  decided  except 
by  a  systematic  physical  investigation  of  soils  with  simi- 
lar limits,  but  with  widely  different  dye  adsorption 
numbers. 

INTERPRETATION   OF   TEST  RESULTS 

If  dealing  with  the  interpretation  of  test  results 
obtained  in  the  laboratory,  we  must  first  of  all  consider 
two  important  facts.  The  first  one  consists  in  the  soil 
tests  being  confined  to  that  fraction  of  the  soil  which 
passes  a  certain  standard  mesh  screen  (width  of 
opening  0.5  mm.).  Hence  a  correction  must  be  made 
for  the  influence  of  the  coarser  constituents  on  the 
properties  of  the  soil.  For  the  time  being,  no  reliable 
basis  for  making  such  a  correction  exists  and  systematic 
investigations  will  be  required  for  establishing  such  a 
basis. 

The  second  fact  consists  in  the  structure  of  the 
undisturbed  soil  being  different  from  the  structure  of 
the  soil  subjected  to  the  tests  in  the  laboratory.  It  is 
conceivable  that  the  same  soil  may  exhibit  somewhat 
different  properties  according  to  whether  the  structure 
of  the  top  layer  has  developed  under  the  influence  of  a 
very  cold  or  a  very  warm,  a  humid  or  an  arid  climate. 
It  is  one  of  the  problems  of  the  field  survey  to  investi- 
gate the  importance  of  these  influences. 

These  two  facts  impose  upon  the  interpretation  of 
the  test  results  obtained  in  the  laboratory  certain 
unavoidable  limitations.  The  man  working  in  the 
laboratory  can  not  possibly  do  more  than  furnish  the 
data  required  for  identifying  the  raw  materials  of 
which  the  subgrades  consist.  Hence  all  his  efforts 
ought  to  be  governed  by  this  and  merely  by  this  one 
intention. 

Since  the  sole  function  of  the  subgrade  consists  in 
supporting  the  road  surface,  we  are  merely  interested  in 
its  mechanical  properties;  that  means  in  its  compressive 
strength,  its  elastic  properties  (swelling),  its  per- 
meability and  in  the  influence  of  the  moisture  content 
on  its  resistance.  The  physical  meaning  of  these 
properties  is  as  well  defined  as  is  the  meaning  of  the 
data  used  in  structural  engineering. 

In  contrast  to  this,  the  simplified  soil  tests  have 
apparently  no  bearing  on  the  strength  of  the  materials 
except  for  the  fact  that  the  plastic  limit  approximately 
coincides  with  the  "critical  bearing  point."  Hence 
we  are  entitled  to  ask  wherein  their  value  resides. 
The  answer  to  this  question  can  easily  be  deduced  from 
the  preceding  analysis  of  the  meaning  of  the  simplified 
soil  tests.  According  to  this  analysis,  the  result  of 
the  simplified  soil  tests  depends  precisely  on  the  same 
physical  factors  which  determine  the  resistance  and 
the  permeability  of  the  soils  (shape  of  particles,  effec- 
tive size,  uniformity)  only  in  a  far  more  complex 
manner.  Thus  for  instance  a  high  lower  liquid  limit 
associated  with  a  low  shrinkage  limit  may  mean  either 
an  excessively  fine-grained  soil  with  a  low  swelling 
capacity  or  a  more  coarse-grained  soil  with  a  very 
marked  swelling  capacity.  According  to  whether 
these  two  limits  have  the  first  or  the  second  meaning, 
the  plastic  limit  would  be  higher  or  lower.  In  spite 
of  these  complications,  we  are  safe  in  making  the 
following  statement:  If  several  soils  with  similar 
geological  origin  have  fairly  identical  limits,  their 
physical  properties  too  will  be  fairly  identical  and  it 
will  be  sufficient  to  investigate  a  single  one  of  them 


more  thoroughly.     Hence  the  limits  represent  an  excel- 
lent means  for  preliminary  soil  classification. 

If  we  get  the  mere  description  of  the  appearance  of  a 
soil,  we  know  about  that  soil  practically  nothing,  and 
an  identification  is  simply  impossible.  If  we  know  the 
three  limits  of  the  soil,  we  are  already  in  a  position  to 
compare  this  soil  with  others  and  can  at  least  anticipate 
what  its  properties  may  be.  If  we  know  in  addition 
the  results  of  physical  tests  performed  on  another  soil 
with  fairly  identical  limits,  we  can  say  the  soil  is 
known. 

REGIONAL  SOIL  DIAGRAMS  FACILITATE  CLASSIFICATION 

The  tabulated  results  of  the  determination  of  the 
limits  for  a  group  of  soils  consist  of  a  confusingly  great 
number  of  apparently  incoherent  figures,  and  it  is  very 
difficult  to  perceive  the  relationship  which  exists 
between  the  soils  represented  in  the  table.  In  order 
to  facilitate  this  work,  and  to  visualize  the  characteristic 
features  of  the  soils,  it  is  proposed  to  represent  the 
results  of  the  investigation  in  a  graphical  form.  For 
this  purpose  it  is  advisable,  first  of  all,  to  arrange  the 
soils  according  to  the  value  of  the  lower  liquid  limit, 
because  this  limit  is  by  far  the  most  variable  one, 
ranging  anywhere  between  15  and  more  than  100 
per  cent. 

The  graphical  representation  is  performed  in  the  fol- 
lowing manner:  The  individual  soils  are  represented  by 
horizontal  lines,  one  quarter  of  an  inch  apart.  On 
every  line  the  limits  of  the  soil  are  plotted  to  a  scale  of 
1  inch  equal  to  10  per  cent  moisture  content.  Then 
all  the  points  representing  the  same  limit  are  connected 
with  each  other  by  continuous  curves.  Since  the  soils 
have  previously  been  arranged  according  to  the  value 
of  their  lower  liquid  limit,  the  lower  liquid  limit  curve 
slopes  in  one  direction  only,  while  the  others  have  a 
more  or  less  sinusoidal  shape.  The  result  of  this  opera- 
tion will  be  called  the  regional  soil  diagram,  represent- 
ing the  variation  of  the  limits  of  soils  coming  from  a 
definite  region. 

By  tracing  curves  parallel  to  the  lower  liquid  limit 
curve  at  horizontal  distances  representing  7,  15,  22  per 
cent,  etc.,  from  this  curve,  one  divides  the  space  between 
the  liquid  limit  and  the  plastic  limit  curve  into  sections 
of  uniform  width.  Since  the  total  distance  between 
the  liquid  and  the  plastic  limit  represents  the  plasticity 
index,  the  subdivision  of  this  distance  by  parallel 
curves  facilitates  the  evaluation  of  the  degree  of  plas- 
ticity (according  to  Atterberg's  definition)  of  the  soils. 

Figifres  8  to  12  inclusive  and  Figure  14  represent  the 
regional  soil  diagrams  for  soils  from  Cuba,  California, 
Iowa,  South  Dakota,  Texas,  and  Pennsylvania  inves- 
tigated in  the  laboratory  of  the  Bureau  of  Public 
Roads  at  Arlington.  By  merely  glancing  at  these 
diagrams  one  sees  at  once  the  difference  which  exists 
between  the  soils  coming  from  the  different  regions. 
For  the  time  being,  we  do  not  precisely  know  wherein 
the  significance  of  the  limits — for  instance,  the  signifi- 
cance of  a  low  plastic  and  a  high  liquid  limit — resides, 
but  the  mere  fact  that  there  is  a  great  difference  between 
the  average  limits  of  the  soils  coming  from  different 
sections  of  the  country  plainly  shows  that  there  must 
also  be  a  very  considerable  difference  between  their 
physical  characteristics.  The  knowledge  of  the  sig- 
nificance of  the  limits  will  automatically  come  as  soon 
as  a  sufficient  number  of  samples  has  been  submitted 
to  the  standard  physical  tests. 

(Continued  on  p.  170) 


DIRECT  PRODUCTION  COSTS  OF  BROKEN  STONE 

By  DR.  GEORGE  E.  LADD,  Economic  Geologist,  Bureau  of  Public  Roads 


THERE  are  no  available  sources  of  information  as 
to  the  direct  costs  of  producing  broken  stone 
which  are  satisfactory  for  comparative  purposes 
by  quarry  operators.  Something  can  be  found  in  cost 
data  manuals  on  certain  operations  but  the  material 
is  scattered  and  unsatisfactory  because  the  conditions 
under  which  the  operations  were  conducted  are  usually 
not  stated. 

Some  time  ago  the  Bureau  of  Public  Roads  under- 
took a  study  of  quarries  and  broken  stone  production, 
especially  direct  costs  and  conditions  governing  them. 
It  was  decided  not  to  enter  the  field  of  overhead  costs 
which  vary  largely  at  different  quarries  and  in  different 
localities,  and  the  following  items  also  were  omitted 
from  the  study:  Capital  investment,  interest,  royalties, 
general  repairs,  insurance,  depreciation,  depletion, 
opening  of  quarry  face,  general  supervision,  accounts, 
sales,  and  delivery.  This  reduced  the  investigation  to 
a  study  of  the  direct  production  costs  which  included 
only  such  supervision  as  that  employed  directly  in 
quarry  or  plant. 

Different  types  of  quarries,  pit  and  open-face,  high 
and  low-face,  and  large  and  small  plants  operating  in 
various  kinds  of  rock  were  selected  for  study  and  all 
conditions  were  noted  that  might  affect  costs.  As  it 
was  desired  to  make  the  results  of  practical  value  at 
any  time,  quarry  methods  of  operation,  wage  rates, 
costs  of  materials  and  labor  hours,  as  well  as  dollar 
costs  per  unit  were  recorded.  Since  the  results  are 
given  not  only  in  terms  of  dollars  but  also  in  terms  of 
labor  hours  and  materials  they  should  be  of  permanent 
value  to  quarry  operators  and  all  others  engaged  in 
rock  excavation. 

METHOD  OF  STUDY 

The  operation  of  producing  broken  stone  was  divided 
into  10  natural  units  as  follows:  Stripping,  drilling  face, 
drilling  bowlders,  blasting  face,  blasting  bowlders, 
sledging  and  steel  balling,  pumping,  loading  and  haul- 
ing waste;  loading  and  delivery  to  crusher;  and  crush- 
ing, screening,  etc. 

The  data  were  acquired  by  daily  visits  to  selected 
quarries  for  a  period  usually  of  eight  weeks.  Pay  rolls 
and  books,  where  kept,  were  consulted  and  all  results 
were  checked  by  personal  observation.  Methods  of 
operation  were  studied  and  the  rock  being  quarried 
was  sampled  for  laboratory  test  to  determine  its  nature. 

A  complete  report  on  these  studies,  giving  a  descrip- 
tion of  each  of  the  23  quarries  studied  with  data  col- 
lected at  each  and  comparisons  of  operations  at  the 
various  quarries,  is  to  be  published  but  it  is  considered 
worth  while  to  present  at  this  time  some  of  the  com- 
parisons and  conclusions.  The  various  items  will  be 
discussed  in  the  order  listed  above.  In  studying  the 
data  presented  in  the  different  tables  it  may  be  desir- 
able to  know  the  scale  of  operation  of  the  different 
quarries  which  are  referred  to  by  key  numbers,  and 
this  information  is  given  in  Table  7. 

DISCUSSION  OP  OPERATING  COSTS 

Stripping, — Stripping  was  conducted  at  14  of  the  23 
quarries.     At  the  others  there  was  either  no  stripping 


or  so  little  that  it  was  shot  down  with  the  face  and 
eliminated  in  the  screening  operation.  At  the  14  quar- 
ries where  stripping  was  done  the  cost  varied  from 
$0.0022  to  $0.0873  per  ton  of  broken  stone.  With  one 
exception  all  stripping  was  removed  by  hand  labor  and 
dump  carts. 

Drilling  jace. — Table  1  summarizes  the  data  on  face 
drilling.     It  should  be  noted  that  low  cost  per  foot  of 
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Yiq  i  — The  Upper  Picture  Illustrates  the  Advantage 
of  a  Ledge  (Trap)  That  Blasts  into  Relatively 
Small  Bowlders,  While  the  Lower  One  Shows  a 
Granite  Ledge  That  Breaks  into  Large  Bowlders. 
Subsequent  Bowlder  Breaking  Cost  V/v  Cents  at 
the  First  Quarry  and   12  Cents  at  the  Second 

drilling  does  not  necessarily  mean  low  cost  of  drilling 
face  per  ton  of  broken  stone  on  account  of  wide  differ- 1 
ences  in  the  spacing  and  depth  of  holes,  and  the  com- 
bination of  snake  holing  with  vertical  holes. 

The  average  rate  of  drilling  per  hour  was  2.4  feet  for 
tripod  drills  and  1.46  feet  for  well  drills.  Comparison 
of  rates  of  drilling  with  the  laboratory  results  of  the 
wear  test  indicates   a  relation   between   them  which 
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Table  1. —  Drilling  face  data  1 


Quar- 
ry 
key 
No. 


18 
8 

2   17 

21 

20 
7 
22 
19 
23 
3 
10 

12 
15 

6 
14 

1 

5 
11 

4 


Kind  of  rock 


Diabase  (trap) 

Dolomite 

Diabase  (trap) 

Limestone 

Dolomitic  limestone- 
Siliceous  dolomite. . . 

Marble 

Diabase  (trap) 

Slate 

Granite 

Diorite  (trap) 


Kind  of  drill 


Altered  rhyolite  (trap)  -  - . 
Trachytic  rhyolite  (trap) . 
Conglomerate 

Granite.. 

Rhyolite  conglomerate. -. 

Granite -- 

Diorite  (trap) 

Andcsite  (trap) 


Rhyolite  (trap). 
Granite 


Tripod 

Well 

do 

do 

do 

do 

Tripod 

do 

Well 

do - 

Tripod  and 
well. 

Tripod 

do 

do 

do 

do 

do 

do _ 

do 

do 

do 


.do. 


.do. 


Direct 

Aver- 

cost of 
drilling 
face  per 

ton  of 
broken 

Cost 

per 

foot 

drilled 

age 
feet 
drilled 
per 
hour 

Tons 

down 

per 

foot 

drilled 

stone 

drill 

$0.  0247 

$0.80 

1.81 

69.09 

.0250 

.68 

1.29 

27.24 

.0264 

2.06 

.65 

53.47 

.0273 

.53 

3.10 

19.23 

.0308 

.74 

2.48 

24.53 

.0375 

.94 

.80 

25. 15 

.0470 

.40 

(3) 

8.51 

.0487 

1.57 

1.61 

32.25 

.0596 

1.43 

.91 

24.09 

.0819 

1.83 

1.68 

18.70 

.1167 

.76 

1.20 

6.48 

.1323 

.69 

2.34 

5.19 

.  1835 

.42 

4.13 

2.31 

.1845 

.45 

4.39 

2.45  | 

.2382 

.95 

2.54 

4.00 

.2384 

.87 

2.05 

3.68 

.2509 

.64 

3.73 

2.53 

.2667 

.62 

2.49 

2.33 

.2685 

1.57 

1.96 

5.82 

.2692 

.54 

3.05 

2.36 

.4060 

1.35 

1.53 

3.32 

.4358 

2.18 

.81 

4.99 

.4482 

.60 

2.88 

1.34 

Factors  affecting  results 


High  face,  numerous  joint  planes,  tripods,  snake  holes,  electricity,  air. 
High  face,  well  drills,  deep  holes,  far  apart,  electric  power. 
High  face,  well  drills,  hard  rock,  deep  holes,  far  apart,  steam  power. 
Medium  high  face,  well  drills,  soft  rock,  holes  far  apart,  electric  power. 
High  face,  well  drills,  soft  rock,  holes  far  apart,  gasolene  power. 

Do. 
High  face,  tripods,  soft  rock,  snake  holes,  electric  power,  air. 
High  face,  tripods,  hard  rock,  snake  holes,  electric  power,  air. 
High  face,  well  drills,  hard  rock,  snake  holes,  steam  power. 
High  face,  well  drills  and  tripods,  hard  rock,  oil  and  electricity. 
High  face,  well  drills  and  tripod  (mostly),  hard  rock,  electricity,  air. 

Low  face,  benches,  medium  hard  rock,  hole  spacing  close,  electricity,  air. 

Low  face,  benches,  tripod,  medium  hard  rock,  hole  spacing  close,  steam. 

Low  face,  benches,  tripod,  medium  hard  rock,  hole  spacing  close,  electricity,  air. 

Low  face,  benches,  tripod,  medium  hard  rock,  hole  spacing  close,  steam. 

Low  face,  benches,  tripod,  very  hard  rock,  hole  spacing  close,  electricity,  air. 

Low  face,  benches,  medium  hard  rock,  hole  spacing  close,  steam. 
Do. 

Low  face,  benches,  tripod,  hard  rock,  hole  spacing  close,  steam. 

Low  face,  benches,  tripod,  very  hard  rock,  hole  spacing  close,  steam. 

Low  face,  benches,  tripods,  very  hard  rock,  some  snake  holes,  spacing   close, 
steam  and  electricity. 

Low  face,  benches,  tripods,  very  hard  rock,  spacing  close,  steam  and  electricity, 
steam  and  air. 

Low  face,  benches,  tripods,  very  hard  rock,  spacing  very  close,  steam  and  elec- 
tricity, air. 


i  See  Table  3  for  spacing  of  holes.       !  Snake  holing  with  tripods  also  at  this  quarry  cost  $1.06  per  foot,  and  averaged  1.34  feet  per  hour  per  drill.      3  Undetermined. 

should  be  useful  in  estimating  on  rock  drilling.  Table  2 
gives  data  on  the  rate  of  drilling  and  the  percentage  of 
wear  of  the  rock  for  the  different  kinds  of  drills. 

Table  2. — Relation  between  average  feet  drilled  per  hour  by  different 
types  of  drills  and  percentage  of  wear  of  rock  as  determined  by 
laboratory  test 


Tripod  drills  (vertical 
holes) 

Tripod  drills  (snake 
holes) 

Well  drills 

Quarry 
key 
No. 

Aver- 
age 
feet 
drilled 
per 

hour 

Per 
cent 

of 
wear 

Quarry 
key 
No. 

Aver- 
age 
feet 
drilled 
per 
hour 

Per 

cent 

of 

wear 

Quarry 
key 
No. 

Aver- 
age 
feet 
drilled 
per 

hour 

Per 

cent 

of 

wear 

6 
15 
9 
2 
12 
16 

4.39 

4.13 
3.05 
2.88 
2.34 
1.53 

5.0 
3.1 
2.9 
2.7 
3.0 
2.0 

19 
17 
18 

1.68 
1.34 
1.81 

3.0 

2.7 
2.0 

20 
21 

8 
17 
7 

2.48 

3.10 

1.29 

.65 

.80 

6.2 
5.4 
3.1 
2.7 
2.6 

At  the  time  the  studies  were  made  little  or  no  use  was 
made  of  hammer  drills  in  face  work,  although  they  were 
used  in  plugging  bowlders.  New  types  of  hammer 
drills  are  now  on  the  market  and  are  widely  used  for 
bench  work.  They  require  only  one  man  for  opera- 
tion and  drill  at  a  much  faster  rate  than  tripod  drills. 
They  are  most  successful  when  operated  by  air. 

Blasting  face. — Detailed  data  on  blasting  operations 
are  shown  in  Table  3  in  which  the  quarries  are  arranged 
in  the  order  of  the  cost  of  blasting  the  face  per  ton. 
The  highest  costs  were  in  connection  with  bench  work 
in  hard  rock  with  few  joints  or  with  high  faces  in  much 
jointed  rock  where  snake  holes  were  used.  Some  high 
costs  resulted  from  wide  spacing  of  vertical  well-drill 
holes  in  high  faces.  Low  costs  would  be  expected  in 
the  large  quarries  but  occasionally  a  small  quarry  is 
found  in  the  low-cost  group  and  a  large  quarry  in  the 
high-cost  group. 

The  kind  of  rock,  differences  in  joints  (see  Fig.  1), 
hole  spacing  and  height  of  face  were  important  factors 


■j*  ki!  ^^_"5—  *?  •  *^ . '  ^0  *p&  -j%,  • 

Fig.  2.— Breaking    Bowlders   With   a   Steel    Ball 

affecting  costs,  but  poor  blasting  often  resulted  in  the 
need  of  further  blasting  for  the  removal  of  spurs  and 
toes.  Much  blasting  in  small  quarries  was  found  to 
be  haphazard  or  experimental. 

Analysis  showed  that  the  tonnage  brought  down  per 
pound  of  dynamite  is  but  slightly  related  to  number 
and  spacing  of  drill  holes.  In  this  respect  there  is  a 
great  difference  between  the  operations  of  large  and 
small  producers.  In  the  item  of  tonnage  brought 
down  per  foot  drilled,  which  is  of  much  greater  impor- 
tance, the  results  were  much  more  satisfactory  in  the 
quarries  classified  as  large  and  very  large  from  the 
production  standpoint  than  in  those  classed  as  medium, 
small,  and  very  small.  There  were  conspicious 
exceptions  to  this,  however. 

It  is  concluded  that  there  is  a  decided  advantage  in 
using  deep,  well-drill  holes,  widely  spaced  or,  if  the  face 
is  high  and  much  jointed,  snake  holes  should  be  used. 
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Table  3. -Blasting  face  data,  and  direct  costs  arranged  in  order,  from  lowest  to  highest 


Direct 
0  cost  of 

\uvar  blasting 
kry  '  face  per 
No  I  ton  of 
No-  !  broken 
stone 


18 

20 

8 

14 

19 

17 

21 

4 

12 

11 

5 

7 

6 

16 

1 

3 

22 

15 

9 

23 

13 

2 

in 


$0. 0227 
.0412 
.0425 
.  0440 
.0440 
.0441 
.0527 
.0560 
.0574 
.0595 
.0609 
.0616 
.0619 
.0630 
.0690 
.0794 
.0800 
.0886 
.0913 
.0913 
.0968 
.1016 
.1389 


Spacing  of  holes 


Snake  holes  28  feet  in 

15  feet  apart,  20  feet  back 

12  feet  apart,  20  to  25  feet  back. 
6  feet  apart,  8  feet  back.. 
Snake  holes  30  feet  i 


Height  of  face  blasted 


150  feet 

42  feet.. 

60  to  90  feet 

Benches,  18  to  20  feet 
150  feet . 


24  to  30  feet  apart,  30  to  35  feet  back 1  20  to  30  feet 


12  to  15  feet  apart,  20  feet  back 
5  to  7  feet  apart,  6  to  8  feet  back 

3  to  4  feet  apart,  18  feet  back 

4  feet  apart,  8  feet  back 

5  to  6  feet  apart,  15  feet  back 

12  feet  apart,  20  to  25  feet  back.. 
5  to  6  feet  apart,  15  feet  back... 
4  feet  apart,  6  to  8  feet  back 


20  to  35  feet 

Benches,  14  to  18  feet. 

Benches,  20  feet 

Benches,  14  feet 

Benches,  10  to  18  feet 

70  to  90  feet 

6  to  18  feet. 

Benches,  15  feet 


5  feet  apart,  6  to  8  feet  back |  Benches,  20  feet 


10  feet  apart,  20  feet  back 
Snake  holes  16  to  22  feet  in 

4  feet  apart,  8  feet  back 

5  feet  apart,  8  feet  back 

24  feet  apart,  20  feet  back.. 

3  to  4  feet  apart,  18  feet  back 

3  to  5  feet  apart,  2  to  10  feet  back 

6  to  8  feet  apart,  8  feet  back 


60  feet. 

75  to  150  feet.. 

16  feet 

Benches,  20  feet 

75  feet _. 

Benches.  18  to  20  feet. 

Benches,  20  feet 

do 


Rock 
down 
per 
pound 
of  dy- 
namite 


Tons 
12.9 
4.9 

5.8 
10.5 
6.6 
6.7 
3.9 
8.1 
8.0 
9.7 
7.3 
3.9 
6.2 
5.4 
7.0 
5.5 
6.0 
5.1 
5.5 
2.2 
4.1 
3.4 
3.0 


Rock 

down 

per 

foot 

drilled 


Tom 

69.09 

24.53 

27.24 

4.  00 

32.25 

'  53. 47 

19.  23 

5.82 

5.19 

2.33 

2.53 

25.15 

2.45 

4.99 

3.68 

18.70 

8.51 

2.31 

2.36 

24.09 

3.32 

1.34 

6.48 


Kind  of  rock  and  conditions 


Diabase,  hard,  very  greatly  jointed. 

Limestone,  moderately  jointed. 

Hard  dolomite,  strata  slightly  jointed,  high  face. 

Rhyohte  breccia,  well  jointed. 

Diabase,  hard,  highly  jointed. 

Diabase,  hard,  many  joints. 

Limestone,  moderately  jointed. 

Granite  moderately  jointed. 

Metamorphosed  rhyolite,  hard,  many  joints. 

Hard  conglomerate,  well  jointed. 

Hard  conglomerate,  many  joints. 

Hard  dolomitie  limestone,  well  jointed. 

Hard  conglomerate,  numerous  joint  planes. 

Altered  rhyolite,  greatly  jointed. 

Hard  granite  and  porphry,  few  joint  planes. 

Granite,  moderately  jointed. 

Marble,  hard,  fairly  jointed. 

Trachytic  rhyolite,  numerous  incipient  joints. 

Hard  and  tough  diorite,  tight  and  few  joints. 

Slate,  very  greatly  jointed. 

Altered  andesite,  hard,  joints  few  and  tight. 

Hard  granite,  and  porphry,  few  joint  planes. 

Diorite,  hard  and  tough,  relatively  few  joints. 


1  Includes  well-drill  holes  and  snake  holes. 


Table  4. — Showing  bowlder-breaking  methods  and  costs  per  ton  of  broken  stone  produced 


Quar- 
ry 

key 
No. 

Initial  crusher  size 

Methods  of  breaking 

Direct 
cost  of 
drill- 
ing 
bowl- 
ders 

Direct 
cost  of 
blast- 
ing 
bowl- 
ders, 
mud 
cap- 
ping, 
and 
block 
holing 

Direct 
cost  of 
steel 
balling 
bowl- 
ders 

Direct 
cost  of 
sledg- 
ing 
bowl- 
ders 

Direct 
cost  of 
break- 
ing 
bowl- 
ders, all 
meth- 
ods 

Aver- 
age 

daily 
pro- 
duc- 
tion 
in  tons 

Remarks 

1 

No.  5  gyratory.. 

Block  holing  and  sledging. 
do 

Steel  balling  and  sledging. 

Mostly  steel  balling  and 

sledging. 
do 

do 

$0. 0714 
.1204 

None. 

.0330 

.0010 

.0003 
.  0099 

.0245 

.0514 

.0430 

.0216 

None. 
.0284 

.0196 
None. 

None. 

None. 
.0047 
.0029 
.0084 
.0093 
.0565 

None. 

$0. 0827 
.0392 

None. 

.0037 

.0003 

.0002 
.0770 

.1272 

.0184 

.0261 

.0035 

.0009 
.0201 

.0024 
None. 

None. 
.0097 
.0113 
.0108 
.0273 
.0171 
.1140 

None. 

None. 
None. 

$0. 0513 

.0687 

.2394 

.0175 
None. 

None. 

None. 

None. 

.  1392 

.0487 
None. 

.0945 

None. 

.0073 
None. 
None. 
None. 
None. 
None. 
None. 
.Nunc-. 

$0. 3727 
.3149 

.0691 

.1374 

.2506 

.1517 
None. 

None. 

None. 

.  1627 

.2427 

.  0939 
.0847 

.1804 
.2501 

.  2063 
None. 

.0006 
None. 
None. 
None. 

.1351 
None. 

$0.  5268 
.4745 

.1204 

.2428 

.4913 

.1697 
.0869 

.1517 

.0698 

.2318 

.4070 

.1435 
.1328 

.2969 

.2501 

.2136 
.0097 
.  0166 
.0137 
.0357 
.0264 
.3056 
None. 

172 
260 

176 

125 

73 

292 
1,454 

770 

234 

532 

66 

214 
170 

82 
86 

180 
1,820 

264 

600 
1,977 
1,772 

176 
91 

Granite,  many  bowlders,  few  fracture  planes. 

Same  quarry  as  key  No.  1,  following  year,  fewer  bowlders 

due  to  change  of  method  of  blasting. 
Well  managed. 

Same  quarry  as  key  No.  3,  following  year.    Owner-man- 
ager sick,  wages  higher,  labor  much  less  efficient. 
Very  poor  management  and  supervision. 

Same  as  key  No.  5,  following  year,  good  supervision. 
Large-scale  operation,  steam  shovel  to  handle  rock,  large 
initial  crushers. 
Do. 

Rock  broke  well  on  blasting  face,  fewer  bowlders,  large 

initial  crusher,  steam  shovel. 
Bowlders  very  tough  but  labor  wasted  in  operation  of 

sledging. 
Inefficiency  conspicuous,  cost  of  steel  balling  and  sledging 

much  too  high. 
Bowlders  very  tough. 

2 
3 

4 
5 
6 

Two  No.  5  gyratory  in- 
dependent units. 

Jaw  opening,  10  by  20 

inches. 
do 

Two  jaw  crushers,  10  by 

20  inches. 
No.  6  gyratory 

7 
8 
9 

Five  No.  6  and  one  No. 

4  gyratories. 
Five  No.  6  gyratories. .. 

Jaw  opening,  36  by  42 

inches. 
No.  8  gyratory 

Mostly     mud     capping; 

some  block  holing. 
Block    holing    and    mud 

capping. 
All  block  holing 

10 

Block  holing  and  sledging. 

'  Steel  balling,  block  holing 

Steel  balling  and  sledging. 
Block  holing  and  sledging. 

Mostly  steel  balling  and 
sledging;    some     block 
holing. 

Sledging 

11 
12 

Jaw  opening,  10  by  20 

inches. 
No.  6  gyratory 

13 

14 

15 

Jaw  opening,  16H  by  29 

inches. 
Jaw  opening,  14  by  21 

inches. 

do 

Numerous  incipient  fractures  in  bowlders,  hence  sledging 

cost  low. 
Inefficiency,  costs  of  steel  balling  and  sledging  too  high. 

No  bowlder  blasting  permitted  (city  ordinance),  hence  every 

16 
17 
18 
19 
20 
21 
22 

Jaw  opening,  36  by  18 

inches. 
Jaw  opening,  48  by  72 

inches. 
No.  7^2  gyratory 

Jaw  opening,  48  by  59 
inches. 

Jaw  opening,  48  by  60 
inches. 

Nos.  10,  9,  and  8  gyra- 
tories. 

No.  6  gyratory 

Sledging  and  steel  balling. 

A  little  mud  capping 

Very  little  bowlder  break- 
ing; mud  capping. 
do 

A  little  mud  capping  and 

block  holing. 
do 

Block   holing   and   mud 
capping. 

large  bowlders  broken  by  sledging,  and  cost  of  that  item 
high. 
Small  bowlders  hard  to  break,  hence  sledging  cost  high. 

Large-scale  plant,  large  initial  crusher,  steam  shovel  for 
loading,  hence  low  costs. 

Rock  broke  well  on  blasting,  relatively  few  bowlders,  rela- 
tively large  initial  crusher,  steam  shovel  for  loading. 
Do. 

Conditions  similar  to  those  at  key  No.  17,  see  above. 

Do. 

Too  many  bowlders,  due  to  blasting  method. 

23 

No.  7lA  gyratory 

Many  joint  planes,  rock  finely  broken  on  blasting,  hence  no 

bowlders. 
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Table   5. — Loading  and  delivery  data 


Quar- 
ry 
key 
No. 


Type  of  quarry 


Open  face. 

do 

do 

do 

do 

do. 


Open  face  and  pit. 

Open  face 

do. .-. 

do -- 


Pit. 
Open  face.. 

do 

do 

do 


Pit. 
Open  face. 

do.... 

do 


Pit 

Open  face- 
Pit. 

Open  face. 


Average 
daily  pro- 
duction 
in  tons 

Cost  of 
loading 
per  ton 

172 

$0. 1866 

260 

.2056 

176 

.1235 

125 

.0797 

73 

.2010 

292 

.1284 

1,454 

.1041 

770 

.1667 

234 

.1409 

532 

.0976 

66 

.2443 

214 

.1521 

170 

.2202 

82 

.2040 

86 

.3280 

180 

.1788 

1,820 

.0535 

264 

.0902 

600 

.0729 

1,977 

.0462 

1,772 

.0538 

176 

.1294 

94 

.1900 

Tons 

loaded 

per  labor 

hour 


2.5 
2.5 
4.6 
6.0 
2.67 
14.0 
3.4 
3.2 


2.27 
3.05 
2.29 
2.7 
1.4 
«2.  9 


Loading, 
common 
labor,  rate 
per  hour 


3.5 
3.2 


$0.45 
.50 
.50 
.50 
.50 
.50 
2.30 
2.30 
.39 
.44 
.50 
.44 
.45 
.50 
.42 
.50 
.40 
.43 
.40 
.50 
.50 
2.50 
2.60 


Method  of  loading 


By  hand  into  high-sided  tramears - 

....do --- 

By  hand  into  low-scale  boxes  resting  on  ground 

....do 

By  hand  into  high  dump  carts 

By  hand  into  low-scale  boxes  resting  on  ground 

By  steam  shovel  mostly,  part  by  contract,  hand  labor 

By  hand  into  tramears,  by  contract,  hand  labor 

Steam  shovel  to  tramcar 

Steam  shovel  and  hand  labor  into  low  tramears 

Mostly  by  hand  into  high  dump  carts 

....do _ 

....do 

....do - 

....do -- --- 

By  hand  into  low-scale  boxes  resting  on  ground 

.Steam  shovel 

....do.. 

Electric  shovel. 

Steam  shovel 

....do 

By  hand  into  tramears,  by  contract,  hand  labor 

By  hand  into  dump  carts,  contract  labor.- 


Cost  of 
delivery 
per  ton 


$0. 0862 
.1758 
.1283 
.1347 
.2071 
.0740 
.0505 
.0667 
.0328 
.0382 
.1251 
.1186 
.1301 
.1445 
.1784 
.1459 
.0664 
.0229 
.0376 
.0838 
.0627 
.1514 
.0695 


Cost  per' ' 

day,  horse, 

cart,  and 

driver 


$5.50 


M.50 
5.50 
5.00 
5.25 
5.40 


•2.00 


'  Rate  of  tons  per  hour  would  have  been  still  higher  if  more  of  the  material  loaded  had  not  been  unnecessarily  handled  twice. 

2  Calculated  from  contract  basis. 

3  One  driver  for  two  1-horse  carts. 

*  Men  lost  time  waiting  for  delivery  to  crusher. 
»  Cost  of  care  and  feed  only;  no  driver  employed. 


ry 

key 
No. 


Method  of  delivery 


Average  length  of  haul  and 
grade 


Power 


Kind 


Cost 


Unit 


Remarks 


23 


Cars  pushed  and  switched 
by  men,  then  hoisted  up 
incline. 

Two  independent  units  to 
two  crushers.  Cars 
pushed  and  switched  by 
men,  then  hoisted  up  in- 
cline. 

Derrick    swing    to    pier; 
thence    by    car    pusher 
down  grade  to  crusher, 
.do. 


400  feet  down  grade  for  car 
pusher.  Incline  by 
hoist  engine. 

do-.. 


Coal. 


.do. 


375  feet  down  grade. 


.do. 


1-horse  dump  carts 

By  derrick  direct  to  crusher. 

Steam  locomotive  mostly, 
part  by  mule  to  incline, 
then  steam  hoist. 

Men  and  mules  on  tram 
track. 

Cable  pull  by  hoisting  en- 
gine, automatic  dump. 

Horses  and  men 

1-horse  dump  carts,  also 
derrick  hoist. 

1-horse  dump  carts 

--do'V---------: 

do 


do 

450  feet  upgrade. 
150  feet 


....do 

Men  and  horses. 
Coal- 


By  derrick  and  overhead 
cable  system. 

Steam  locomotives. 

Car  pusher,  gravity 


Gasoline  locomotive. 
Steam  locomotive  to 


pit 


crusher,  thence  by  hoist. 


Steam  locomotive. 

First  by  horse  to  foot  of  in- 
cline, second  by  electric 
hoist  to  crusher. 

First,  by  1-horse  carts  to 
incline;  second,  by  steam 
hoist  to  crusher. 


800  feet,  about  level,  small 
per  cent  up  incline. 

500  feet  level 


300  feet  up  gentle  grade.. . 

350  feet  down  grade. 

300  feet  steep  upgrade 


200  feet  upgrade 

400  feet  upgrade 

225  feet  upgrade 

150  feet  slight  upgrade . 

500  feet  up 


....do 

Men  and  horses. 
Coal.-. 


$10. 00 
10.75 

10.00 
8.50 

""9756' 

5.00 


Ton. 


..do 

..do 

..do 

Ton...!" 
..do 


.do. 
.do. 


Men  and  horses 

do 

do 

do.. 


I'uid 


3,000  feet  down  grade. 
200  feet  down  grade . . . 


..do 

..do.... 


300  feet  down  grade 

2,000  feet  crusher  in  pit, 
then  conveyor  to  main 
plant. 

2,300  feet  level 

250  feet  up  by  hoist  engine. 


125  feet  level,  then  hoist 
engine  to  crusher  in  top 
of  plant. 


/Gasoline- -. 
\Electricitv. 
Coal 


.do. 


Electricity. 


Coal. 


10.00 


9.00 
10.00 


Ton. 


...do- 
... do.. 


10.75 


5.54 
7.75 


Ton. 


.do. 
.do. 


.24     GaJ .  . 

.017    Kwh. 

7.50     Ton_. 


10.65 
0.17 


7.00 


-do— . 
Kwh... 


Ton. 


Complicated  method  of  delivery. 


Capacity  of  plant  doubled  by  adding  separate  and  independent  unit, 
production  actually  increased  only  50  per  cent.  Method  of  de- 
livery complicated. 


Loading  and  delivery  methods  excellent. 


Do. 

These  methods  always  expensive. 

Excellent  system,  cost  would  have  been  much  lower  but  for  un- 
necessary rehandling  much  of  material  during  loading. 

Typical  of  large-scale  operations,  these  costs  somewhat  raised  be- 
cause of  taking  part  of  stone  from  a  pit. 

Typical  of  large  operations. 

One  of  the  most  efficient  delivery  systems,  large,  low  tramears,  gentle 

upgrade,  steam  shovel  expense  too  high,  gravity  return. 
Good  methods,  well  managed. 
Methods  expensive,  typical  of  most  small-scale  plants. 

Do. 
Do. 
Do. 

Methods  expensive,  typical  of  most  small-scale  plants.'men  wasted 
time  excessively. 

Costs  could  have  been  lower  but  for  troubles  with  overhead  cable 
system. 

Typical  of  large-scale  operations. 

Power  loading,  gravity  delivery,  short  distance  and  good  manage- 
ment led  to  lower  costs. 

•Typical  of  large-scale  operations. 

Do. 


Do. 

Complicated  method  of  delivery  due  to  pit-type  quarry. 


Loading  done  by  contract  labor  at  relatively  higher  price.  Excep- 
tional low  cost  for  horses  kept  delivery  costs  low.  Haul  in  quarry 
125  feet,  thence  by  bucket  hoist  42  feet. 


The  10  quarries  with  the  lowest  combined  cost  of  drilling 
and  blasting  face  used  one  of  these  two  methods. 
Cost  of  the  two  items  is  not  necessarily  affected  by  pro- 
duction volume  as  the  quarries  ranking  highest  and 
lowest  in  this  cost  had  about  the  same  output. 

STEEL  BALLING  THE  MOST  SATISFACTORY  METHOD  OF  BOWLDER 
BREAKING 

Bowlder    breaking. — So    many    factors    enter    into 
bowlder-breaking  costs  that  generalizations  are  difficult 


to  make  and  the  conditions  at  each  quarry,  as  given  in 
Table  4,  must  speak  for  themselves.  The  factors 
affecting  the  cost  are  efficiency  of  management,  size  of 
crusher  opening,  method  of  loading,  drill-hole  spacing 
and  blasting,  and  the  character  of  the  rock  itself. 
Illustrating  the  wide  range  in  conditions  it  will  be  noted 
that  at  quarry  No.  23  there  was  no  bowlder  breaking, 
while  at  No.  1  the  cost  amounted  to  more  than  52 
cents  per  ton  of  broken  stone  produced. 
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While  it  is  difficult  to  give  general  conclusions,  the 
studies  do  indicate  that  the  breaking  of  bowlders  by 
the  steel-ball  method  can  be  used  in  many  quarries  to 
advantage.  With  this  method  (see  fig.  2)  one  or  more 
derricks  operated  by  three-way  hoisting  engines  are 
placed  at  a  convenient  distance  from  the  face  and  by 
means  of  a  chain  and  cable  bowlders  too  large  for 
sledging  are  dragged  from  the  face  and  arranged 
beneath  the  derrick.  The  derrick  is  used  to  lift  a 
steel  ball  weighing  about  2  tons  to  a  height  of  from 
40  to  70  feet  and  drop  it  on  the  bowlder. 

Great  variation  was  observed  in  the  success  of  this 
operation,  but  where  skillfully  directed,  it  was  con- 
sidered very  successful.  Comparing  the  cost  of 
bowlder  breaking  at  two  small-scale  quarries,  where 
steel-balling  was  not  used,  with  three  as  nearly  similar 


Fig.  3. — Sledging  Is  a  Large  Item  of  Expense  at  Most 
Small  Quarries  Where  Rock  Is  Reduced  by  Hand  Labor 
for  Small  Initial  Crusher 

quarries  as  it  was  possible  to  find  where  steel-balling 
as  best  practiced  was  used,  it  was  found  for  the  former 
that  the  cost  of  breaking  bowlders  per  ton  of  broken 
stone  averaged  26  cents  while  at  the  latter  it  averaged 
14  cents. 

At  medium  and  small-scale  quarries  the  derricks 
used  for  steel-balling  may  also  be  used  for  transporting 
stone  to  the  crusher  and  thus  lower  the  cost  of  this 
item.  If  the  distance  is  small,  low  scale  boxes  may  be 
loaded  and  swung  directly  to  the  crusher,  while  if  it  is 
great  they  may  be  used  for  dumping  into  tram  cars. 

Pumping  and  disposal  of  waste. — These  operations 
were  so  unusual  that  they  did  not  enter  materially 
into  the  production  cost  with  one  exception.  In  the 
pit-type  quarries  open  seams  permitted  the  escape  of 
water  except  at  one  quarry  where  pumping  cost 
$0.0256  per  ton  of  broken  stone.  At  only  two  quarries 
was  it  necessary  to  remove  waste  from  the  quarry 
floor.  At  one  of  these  the  cost  was  a  fraction  of  a 
cent  per  ton  of  broken  stone  while  at  the  other  it 
amounted  to  12  cents.  At  the  latter  quarry  stripping 
often  slid  to  the  quarry  floor  and  clay  seams  occurred 
between  the  beds  of  marble. 

|)UMP   CART   DELIVERY   EXPENSIVE 

Loading  and  delivery. — Loading  and  delivery  have 
been  considered  together  because  a  loading  method 
must  take  into  consideration  the  method  of  delivery. 


■  m 


■....  ••  xr~i*ramgt  ■ 

Fig.  4. — The  Upper  Picture  Shows  an  Expensive  Deliv- 
ery Method,  Which  Cost  12J^  Cents  Per  Ton.  The 
Middle  Picture  Shows  a  Combination  Method,  Horses 
Drawing  2J^-Ton  Cars  to  the  Incline  and  Thence  by 
Steam  Hoist.  The  Bottom  Picture  Shows  an  Economical 
Method,  Coasting  Cars  Down  Incline  at  a  Cost  of  3% 
Cents  per  Ton 

Methods  of  delivery  varied  widely  (see  fig.  4)  as  would 
be  expected  in  a  series  of  plants  selected  because  of 
varying  conditions.  Among  the  simplest  methods  were 
direct  swing  and  hoist  derricks,  one-horse  dump  carts, 
tram  cars  pushed  or  coasted  down  grade  to  the  crusher, 
direct  cable  haul  to  the  crusher,  and  gasoline  and  steam 
locomotives.  Numerous  combinations  of  methods 
were  found,  most  of  which  resulted  from  the  problems 
of  pit- type  quarries.  Table  5  shows  the  methods  and 
costs  of  these  operations  at  the  various  quarries. 

In  the  item  of  loading  it  appears  that  many  quarries 
could  effect  a  considerable  saving  by  a  change  in 
methods.  It  was  found  that  a  low  receptacle  could  be 
loaded  about  twice  as  fast  as  a  high  one.  (See  fig.  5.) 
Five  quarries  using  high  dump  carts  loaded  at  a  rate 
of  2.6  tons  per  hour  per  man,  two  using  high  tram  cars 
loaded  at  a  rate  of  2.5  tons  per  hour,  while  two  using 
low  scale  boxes  loaded  at  a  rate  of  5  tons  per  hour. 
Assuming  the  same  wage  rate  at  all  of  the  quarries  the 
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respective  costs  per  ton  were  21  cents,  20  cents,  and 
10  cents.  Loading  at  five  quarries  using  power  shovels 
averaged  6  cents  per  ton,  the  range  being  from  4  to  9 
cents. 

Loading  by  contract  labor  was  done  at  four  quarries 
and  was  much  more  efficient  than  day  labor.  The  con- 
tract labor  averaged  3.3  tons  per  hour  while  the  average 
for  eight  quarries  using  day  labor  was  2.6  tons  per  hour. 
In  both  groups  the  material  was  loaded  into  high  tram 
cars  and  dump  carts. 

There  was  found  to  be  a  wide  range  in  the  cost  of 
delivery,  which  demonstrates  that  some  of  the  quarries 


Fig.  5. — Height  of  Cart  or  Car  Is  an  Important  Factor 
in  Loading  in  the  Quarry  Shown  in  the  Upper  Picture. 
Loading  Was  at  a  Rate  of  2.4  Tons  Per  Hour,  While 
in  the  Middle  Picture  the  Rate  Was  6  Tons  Per  Hour. 
The  Bottom  Picture  Shows  Large-Scale  Steam-Shovel 
Loading 

were  using  poor  methods,  although  some  of  the  high 
rates  could  be  attributed  to  adverse  conditions. 

The  lowest  cost  of  delivery,  $0.0229  per  ton,  resulted 
from  coasting  tramcars  of  6-ton  capacity  an  average 
distance  of  200  feet  down  a  gentle  grade  and  returning 
the  cars  to  the  face  by  two  men.  The  second  lowest 
cost  of  $0.0328  per  ton  was  incurred  at  a  quarry  where 
tramcars  of  6-ton  capacity  were  hauled  to  the  crusher 
by  a  hoisting  engine  operating  a  cable  a  distance  of  300 
feet  up  a  gentle  grade  which  permitted  a  gravity  return. 
Dumping  was  automatic.  The  third  lowest  cost 
resulted  from  gasoline-locomotive  delivery  of  tramcars 
of  2-ton  capacity  a  distance  of  300  feet  down  a  gentle 
grade.     The  average  cost  of  delivery  at  six  quarries 


by  one-horse  dump  carts  an  average  distance  of  262 
feet  and  in  general  slightly  up  grade  was  $0.1506,  or 
about  five  times  the  average  for  the  three  quarries  men- 
tioned. 

The  average  cost  of  delivery  by  steam  locomotives 
over  distances  ranging  from  2,300  to  3,000  feet  was 
$0.0645  per  ton.  At  pit-type  quarries  where  steam 
locomotive  hauls  of  800  to  2,000  feet  were  combined 
with  incline  hoists  the  average  cost  per  ton  was  $0.0672. 

The  use  of  the  derricks  used  in  steel  balling  for  lifting 
and  swinging  scale  boxes  loaded  with  stone  to  the 
crusher  platform  has  already  been  mentioned.  At  the 
quarry  where  this  arrangement  was  used  it  resulted  in 
a  cost  of  $0,074  per  ton  and  the  cost  of  loading  into  the 
low  scale  boxes  was  also  low.  Figure  6  shows  different 
methods  of  dumping  at  the  crusher. 

Crushing  and  screening. — Data  on  the  cost  of  crush- 
ing and  screening  is  presented  in  Table  6.  Of  the  two 
quarries  showing  lowest  costs,  quarry  No.  6  had  an 
average  daily  production  of  only  292  tons  of  conglom- 
erate rock  which  was  easy  to  break,  and  quarry  No. 
21,  1,772  tons  of  limestone.  Both  used  electric  power. 
At  quarry  No.  6  a  No.  6  gyratory  crusher  was  used 
and  very  little  crusher  feeding  was  necessary. 

Table  6. — Crushing  and  screening  data,  and  direct  costs  arranged 
in  order,  from  lowest  to  highest 


Quar 
ry 
key 
No. 


Cost  per 
ton  of 

broken 
stone 


$0. 


0493 
0630 
.0724 
.0764 
.0816 
.0823 
.0827 
.0836 

.0896 

.0904 
.1013 
.1000 
.  1069 
.1103 
.1170 
.1215 
.1271 
.1408 
.1437 
.1569 
.1737 
.  2052 
.3423 


Power  elements 


Kind 


Electricity-.- $0,027  per  kwh. 

do _.  $0,018  per  kwh. 

do $0,017  per  kwh. 

do $0,030  per  kwh. 

Coal $10.75  per  ton. . 

Electricity $0,027  per  kwh. 

do $0,015  per  kwh. 

do $0,009  per  kwh. 

/Coal. $10.75  per  ton.. 

\Electricity $0,027  per  kwh_ 

Electricity $0,030  per  kwh. 

Coal ;  $7.50  per  ton. 


Cost  per  unit 


Average 

daily 
produc- 
tion in 
tons 
during 
period 


Electricity. 

do 

do 

do 

do 

do 

do 

do 

Coal 

do 

do 

do 


$0,027  per  kwh. 
$0,009  per  kwh_ 
$0,027  per  kwh. 
$0,027  per  kwh  , 
$0,017  per  kwh. 
$0,027  per  kwh. 
$0,027  per  kwh. 
$0,027  per  kwh. 

$7  per  ton 

$10  per  ton 

$10  per  ton 

$11.75  per  ton.. 


292 

1,772 

600 

264 

180 

532 

1,820 

1,454 

260 

86 

1,977 

170 

770 

214 

125 

176 

176 

82 

66 

94 

234 

172 

73 


Two  of  the  quarries  listed  were  under  the  same 
management  and  crushing  the  same  kind  of  rock  with 
modern  plants.  At  one  of  these  quarries  steam  was 
used  for  power,  at  the  other  electricity.  Crushing  with 
steam  power  cost  $0.1013  per  ton  while  crushing  with 
electric  power  cost  only  $0.0630  per  ton.  This  differ- 
ence in  cost  is  believed  to  be  largely  the  difference  in 
cost  of  power. 


CENERAL    CONCLUSIONS 


Table  7  shows  the  total  direct  cost  per  ton  for  each 
of  the  quarries  with  information  as  to  the  kind  and  size 
of  quarry.  Comparisons  of  all  the  quarries  as  to  cost 
of  the  various  operations  show  that  none  of  them  main- 
tained a  uniform  high  position  on  all  items.  There  is 
a  general  tendency  for  a  quarry  to  be  among  the  highest 
group  with  regard  to  one  operation  and  much  lower 
down  the  scale  with  regard  to  the  next.  The  total 
direct  costs  do  in  general  vary  inversely  with  produc- 
tion, but  the  difference  would  be  less  conspicuous  if 
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these  costs  included  rental,  or  interest  and  deprecia- 
tion on  power  equipment.  It  is  believed  that  a  rela- 
tively small-scale  quarry  can  be  operated  with  direct 
costs  lower  than  the  average,  or  even  the  best  record 
of  the  large-scale  quarries  if  good  management  is  com- 
bined with  a  good  layout,  good  equipment,  electric 
power,  and  favorable  conditions  of  face  and  rock.  Re- 
sults at  quarry  No.  18  demonstrate  this,  as  it  had  the 
lowest  direct  production  cost  of  any  of  the  23  quarries 
and  yet  had  an  average  daily  production  of  but  264 
tons. 

Table  7. —  Total  direct  production  costs,  kind  of  rock,  magnitude 
of  operation,  and  price  of  labor  per  hour 


Quar- 
ry 
key 
No. 

Direct 
produc- 
tion cost 
per  ton 

Kind  of  rock 

Magnitude 

of 
operation 

Price  of 

labor  per 

hour 

1 

$1.  3179 
1.5250 
.6606 
.8987 
1.  5648 
.7328 
.4242 
.5595 
.7931 
.7077 
1.  2503 
.7261 
1. 1095 
1.0684 
1,1547 
1.1187 
.  2828 
.2535 
.2962 
.3471 
.3130 
.9937 
.6546 

Granite . 

Small 

$0.45 
50 

2 

do 

3 

Altered  granite 

Small 

50 

4 

do 

50 

5 

Conglomerate 

Very  small 

50 

6 

do 

50 

7 

Siliceous  dolomite 

Very  large 

.30 

8 

Dolomite.  . 

30 

9 

Altered  diorite 

39 

10 

Diorite 

44 

11 

Altered  rhyolite 

Very  small 

50 

12 

do 

44 

13 

Altered  andesite 

Small     . 

.  45 

14 

Rhyolite  breccia... 

Very  small, 
do 

50 

15 

Trachytic  rhyolite 

42 

16 

Altered  rhyolite 

Medium 

50 

17 

Altered  diabase 

40 

18 

Diabase 

Medium...  . 

43 

19 

Altered  diabase... 

.40 

20 

Dolomite  limestone 

Very  large 

.50 

21 

Limestone 

do 

50 

22 

Marble 

Small 

.50 

23 

Siliceous  slate 

Very  small 

39 

At  many  plants,  especially  the  smaller  ones,  only  a 
crude  system  of  bookkeeping  is  used.  As  a  rule  the 
distinction  is  not  made  between  bookkeeping  and  cost 
keeping.  If  total  costs  are  too  high,  the  owner  does 
not  know  where  the  trouble  lies.  Indeed,  within  a 
wide  range  of  costs  that  lie  inside  the  profit  line,  he 
is  likely  not  to  know  whether  any  or  all  of  his  costs 
are  too  high  or  what  methods,  if  any,  should  be  changed, 
or  whether  a  foreman  or  superintendent  is  getting  the 
best  possible  results  from  labor.  As  this  is  true  with 
direct  costs  so  it  is  true  with  indirect  costs,  and  a  very 
common  fault  is  to  take  little  or  no  account  of  such 
important  factors  as  depreciation  and  depletion. 

The  writer  studied  costs  at  three  quarries  located  in 
the  suburbs  of  a  large  city  which  were  owned  and 
operated  by  a  contractor  doing  a  large  business.  Most 
of  the  broken  stone  produced  at  these  quarries  was  used 
on  his  contract  jobs.  Such  stone  as  was  sold  was  sold 
by  the  yard  and  measured  in  the  delivery  trucks.  All 
the  rest  of  his  product  was  sent  by  truck  to  centrally 
located  scales  for  weighing.  Incredible  as  it  may 
seem  no  record  was  made  as  to  which  of  the  three 
quarries  the  stone  came  from  and  no  individual  records 
were  kept  of  their  output.  The  owner  only  knew  the 
total  production  of  the  three  quarries  which  were 
several  miles  apart  and  under  separate  managements. 
As  a  matter  of  fact  one  of  them  was  very  badly  managed 
and  direct  costs  were  about  as  high  as  they  could  be  made. 

With  reference  to  face  breaking,  there  is  no  question 
but  that  modern  types  of  hammer  drills  should  be 
used  for  bench  work  at  least,  and  that  in  the  long  run 
the  use  of  air  instead  of  steam  is  economical  in  spite 
of  the  necessary  investment  in  a  compressor.  Well 
drilling^  and  wide  spacing  of  holes  and  snake  holing 
high  faces  reduce  very  largely  the  total  costs  of  face 
breaking,  and  the  type  of  explosive  used  should  be 


determined    by    both    experiment    and    advice    from 
manufacturers. 

Where  the  scale  of  operations  is  not  too  large  the  most 
satisfactory  method  of  bowlder  breaking  is  steel  balling, 
although  this  might  not  be  applicable  to  the  breaking  of 
bowlders  in  some  of  the  tough  diabases  which  are  some- 
times quarried.  This  must  be  determined  experimen- 
tally. Comparative  results  in  these  studies  indicate 
that  mud  capping  is  the  most  expensive  method. 


Fig.  6. — The  Top  Picture  Shows  an  Arrangement  for 
Automatic  Dumping  of  5-Ton  Tram  Cars,  the  Middle 
Picture  Shows  a  Good  Hand-Dump  Tram  Car,  and  the 
Lower  Picture  Shows  a  Cart  Dumping  on  Crusher 
Platform,  Requiring  About  Half  of  Stone  to  Be 
Hand  Fed 

Loading  by  hand  into  high  receptacles  costs  from 
two  to  three  times  as  much  as  loading  into  low-scale 
boxes.  Steam  shovels  may  be  economically  operated 
in  comparatively  small  quarries  and  a  great  deal  of 
sledging  expense  saved  if  a  reasonably  large  initial 
crusher  is  used. 

The  horse-drawn  dump  cart  is  most  expensive  as  to 
both  loading  and  delivery.  Delivery  by  derrick, 
directly,  and  by  tramcars  into  which  the  contents  of 
derrick-handled  scale  boxes  are  dumped,  are  relatively 
inexpensive,  and  the  results  as  shown  in  costs  of  delivery 
at  quarries  Nos.  3,  4,  and  6  do  not  do  justice  to  the 
method,  because  in  each  case  with  insignificant  ncrease 
of  expense  the  number  of  tons  delivered  could  have 
been  more  than  doubled,  while  the  results  by  the 
dump-cart  method  were  for  the  maximum  capacity  of 
operations,  and  any  increase  in  capacity  called  for  a 
proportional  increase  in  expense. 
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For  distances  up  to  300  feet  at  least  delivery  is  very 
economically  accomplished,  if  grade  permits  it,  by 
hand-pushed  or  horse-drawn  tramcars  of  2  to  4  tons 
capacity.  Of  all  the  methods  of  delivery  studied  the 
cheapest  was  the  method  using  automatic  dumping, 
6-ton  tramcars  (steam-shovel  loaded)  pulled  up  a 
gentle  grade  to  the  crusher  by  a  drum  hoist  and  returned 
to  the  quarry  face  by  gravity.  A  few  posts  set  in  the 
quarry  floor  as  cable  guides  made  it  possible  to  draw 
these  tramcars  around  curves,  and  thus  made  all  parts 
of  the  face  available  for  this  method  without  unneces- 
sary track  complications  or  extra  assistance  other  than 
such  as  could  be  given  as  needed  by  the  quarry  foreman. 
Power  locomotives  are  of  course  necessary  for  long  hauls 
and  large  operations,  and  simple  arrangements  cut 
down  delivery  expense. 

Crushers  above  quarry  floors  and  complicated  track 
and  switch  arrangements  result  in  high  cost  of  delivery 
to  the  crusher.  Pit-type  quarries,  as  would  be  ex- 
pected, have  relatively  high  costs  for  delivery. 

The  kind  of  power  used  has  much  to  do  with  costs. 
The  more  extensively  electricity  is  used  the  more 
economically  are  most  of  the  operations  conducted. 

At  most  small-scale  quarries  the  initial  crusher  is 
too  small.  The  saving  through  use  of  a  small  crusher 
is  usually  lost  several  times  over  by  increased  sledging 
costs. 

For  large-scale  operations  plants  are  usually  designed, 
methods  adopted,  and  layouts  planned  by  competent 
engineers.  On  the  other  hand,  for  small  plants  these 
features  usually  are  the  result  of  expediency,  experi- 
ment, or  guesswork.  Sometimes  they  result  from 
previous  experiences,  good  or  bad,  where  very  different 
conditions  prevailed.  As  a  rule  insufficient  attention 
is  paid  to  the  relations  between  the  cost  of  bowlder 
breaking  and  the  methods  of  loading,  drilling,  blasting, 
and  the  size  of  initial  crusher.  The  method  of  one 
operation  is  dependent  for  success  upon  that  of  another. 
In  other  words,  operation  methods  are  closely  inter- 
dependent. 

Whenever  possible  i  i  establishing  a  broken-stone 
plant  the  probable  duration  and  both  present  and 
probable  future  magnitude  of  operations  should  be 
first  determined.  A  large  plant  is,  of  course,  not 
justified  by  small  ledge  holdings,  and  the  relation  be- 
tween these  two  must  be  recognized.  Topography 
must  be  studied  and,  if  possible,  a  site  for  the  plant 
procured  below  the  level  selected  for  the  quarry  floor 
and  as  near  the  face  as  blasting  operations  will  safely 
permit.  The  ledge  itself  should  be  studied  with  refer- 
ence to  joint  planes  and  seams,  and  the  rock  itself 
tested  for  percentage  of  wear.  Conditions  as  to  the 
former  will  indicate  drill-hole  spacing  and  blasting 
methods  likely  to  be  most  satisfactory,  and  the  latter 
will  give  information  as  to  the  probable  cost  of  drilling. 

If  these  considerations,  together  with  the.  foregoing 
notes  on  various  operations,  are  kept  in  mind  they 
should  lead  to  production  costs  lower  than  those  now 
incurred  at  very  many  existing  plants. 

Finally  it  should  be  stated  that  no  plant  can  afford 
to  omit  the  keeping  of  costs  on  each  unit  of  operation. 

(Continued  from  p.  162) 
PRELIMINARY   AND   FINAL  SOIL   CLASSIFICATION 

Suppose  we  get  a  shipment  of  soil  samples  from  a 
certain  section  of  the  country  and  we  face  the  problem 
of  comparing  the  soils  with  those  previously  received 
from  other  districts.     Since  an  exhaustive  investiga- 


tion of  every  one  of  the  samples  would  be  financially 
forbidding,  we  have  to  start  with  a  rapid  survey  of  the 
material  for  the  purpose  of  separating  the  soils  into 
groups  with  fairly  similar  properties.  This  survey 
consists  in  determining  for  each  soil  the  limits  and  in 
representing  the  limits  in  a  regional  soil  diagram  of 
the  type  of  Figures  8  to  12  and  Figure  14.  The  next 
step  consists  in  classifying  the  soils  according  to  their 
lower  liquid  limit. 

For  material  with  a  low  liquid  limit,  a  difference  of 
5  per  cent  between  the  liquid  limits  has  obviously  more 
weight  than  the  same  difference  for  materials  with  a 
very  high  liquid  limit.  Hence  the  classification  accord- 
ing to  the  liquid  limit  is  made  as  follows: 

Class  Liquid  limit  per  cent 

0 10  to  10X2V2=10  to  14.2 

I 10X2  1/2  to  10X2=14.2  to  20.0. 

II 10X2  to  10X23/2  =  20.0  to  28.4. 

Ill 10X23/2  to  10X22  =  28.4  to  40.0. 

IV 10X22  to  10X25/2  =  40.0  to  56.8. 

V 10X25/2  to  10X23  =  56.8  to  80.0. 

VI 10X23  to  10X27/2  =  80.0  to  113.6. 

If  we  have  found,  for  instance,  that  a  soil  belongs  in 
the  class  V,  indicating  a  very  high  liquid  limit,  we  know 
that  the  soil  may  either  be  excessively  fine  grained  or 
else  very  rich  in  flexible,  scale-like  particles.  The  soil 
will  be  very  different  according  to  whether  the  first 
or  the  second  assumption  is  correct.  Hence,  within 
each  one  of  these  groups  distinction  is  made  between 
soils  with  a  low,  medium  or  high  plasticity  index.  The 
occurrence  of  a  high  liquid  limit  with  a  low  plasticity 
index  is  very  probably  due  to  excessive  fineness  of  the 
soil,  while  another  soil  with  a  high  index  is  very  prob- 
ably distinguished  by  an  abundance  of  scale-like  par- 
ticles which  in  turn  seems  to  be  associated  with  a  very 
marked  tendency  to  swell  in  contact  with  water.  The 
shrinkage  limit  serves  as  an  additional  check  on  the 
degree  of  relationship  between  the  members  of  each 
group. 

However,  a  final  classification  should  not  be  based 
on  data  as  vague  as  the  conclusions  we  can  draw  from 
the  limits.  Hence,  in  order  to  establish  a  permanent 
foundation  for  soil  classification,  we  have  to  go  one 
step  further  and  investigate  what  the  moduli  of  com- 
pression, of  expansion,  and  the  coefficients  of  permea- 
bility of  the  members  of  the  different  groups  are. 
Since  these  moduli  depend  on  precisely  the  same  fac- 
tors as  the  limits,  there  must  be  a  numerical  relation- 
ship between  them  and  the  knowledge  of  this  rela- 
tionship will  ultimately  bring  the  interpretation  of  the 
limits  to  a  certain  state  of  perfection.  However,  the 
classification  itself  will  have  to  be  based  on  the  numeri- 
cal values  of  the  three  characteristic  constants,  viz,  the 
modulus  of  compression,  the  modulus  of  expansion, 
and  the  coefficient  of  permeability  at  a  standard  pres- 
sure, because  these  are  the  only  numerical  values  which 
have  a  direct  bearing  on  the  mechanical  properties  of 
the  subgrade,  including  its  resistance. 

Any  well  organized  soils  laboratory  will  ultimately 
arrive  at  empirical  rules  for  translating  the  results  of 
its  own  limit  determinations  into  physical  terms.  But, 
on  the  other  hand,  it  is  very  doubtful  whether  the 
same  rules  will  ever  apply  to  limits  determined  by 
different  laboratories.  In  spite  of  carefully  standard- 
ized instructions,  a  certain  personal  element  inevitably 
adheres  to  every  limit  determination  and,  for  this 
reason,  the  necessity  for  checking  the  limits  against 
the  results  of  well  defined  physical  tests  will  always 
exist. 


CONCRETE  COMPARED  WITH  TIMBER  FOR  HIGHWAY 

BRIDGE  FLOORS 

Reported  by  O.  L.  GROVER,  Bridge  Engineer,  Bureau  of  Public  Roads 

THE  RENEWAL  of  plank  floors  on  bridges  is  a  on  steel  at  8  cents  and  bituminous  surfacing  at  $2.25 

large  item  in  the  annual  expense  of  bridge  main-  a    square    yard.     Whichever,    under    the    particular 

tenance;  and     aside    from    its    expense,    which  conditions  obtaining,  may  be  the  cheaper,  it  is  prob- 

is  heavy,  wooden  flooring  is  noisy  and  causes  excessive  able  that  the  reduction  in  the  cost  of  maintaining  the 

vibration  of  the  structure  and  objectionable  jolting  floor  will  be  more  than  sufficient  to  pay  foF  the  cover- 

of  traffic  when  improperly  laid  or  in  a  worn  condition,  ing.     But  the  resulting  construction  is  still  open  to 

While  treated  timber  is  expected  to  resist  decay  for  some  of  the  same  objections  which  pertain  to  unpro- 

about  25  years,  unprotected  flooring  has  a  service  life  tected  plank  floors,  and  some  of  these  are  serious, 

of  from  3  to  6  years  only,  depending  on  the  amount  and  With  these  objections  in  mind  Dr.  J.  A.  L.  Waddell 

character   of   traffic;    and   on    bridges   which  carry  a  declared  in  1919:  "Wooden  floors  on  highway  bridges 

large  volume  of  traffic  or  heavy  units,  such  a  floor  wears  are  now  obsolete,"   adding  that   "no  modern  bridge 

out  so  fast  that  maintenance  is  difficult  and  the  traffic  engineer  should  be  guilty  of  designing  or  building  any 

is  more  or  less  unsatisfactorily  served  at  all  times  in  more  of  them."     He  gave  as  his  reasons  for  these  very 

spite  of  heavy  outlays  for  repairs.  positive  statements  the  following  three  reasons: 

Figures  obtained  by  averaging  the  cost  of  main-  "First.  The    ordinary    plank    floor    supported    on 

taining  unprotected  timber  floors  on  several  steel  bridges  wooden   joists  is  not  strong  enough   to   carry   with 

over  a  number  of  years  show  what  the  cost  of  upkeep  safety  the  heavy,  concentrated  live  loads  produced  by 

may  amount  to  on  bridges  carrying  main-route  traffic,  rapidly  moving  auto  trucks. 

In  the  District  of  Columbia  for  a  30-year  period  prior  "Second.  The  danger  from  fire  is  so  great  that  it  does 

to  1926  the  average  cost  for  repair  and  renewal  was  not  pay  to  submit  the  entire  construction  to  the  chance 

about  3  Yi  cents  per  square  foot  per  annum,  or  about  of  destruction  by  the  burning  of  the  timber  in  the  deck. 
70  cents  per  lineal  foot  for  a  20-foot  roadway,  while 

for  a  10-year  period  prior  to  1926  the  average  was  higher  £    £jT  T                                             9^~ 

chiefly  because  of  changes   in  the  amount    and  char-  B^rr%                                   a        .  ? 

acter  of  traffic.     In  general  it  may  be  said  that  the  wP*]                                          *  &^       -r 
experience  of  the  past  10  years  indicates  a  cost  of  about 
6  cents  per  square  foot  per  annum,  or  $1.20  per  lineal 
foot  for  maintaining  a  20-foot  floor  on  bridges  carrying 
present  traffic  on  through  highways  near  cities. 

Such  costs  are  excessive.     In  the  effort  to  reduce 
them  and  improve  the  service  of  the  unprotected  floor, 

where  the  strength  of  the  bridge   has  been   adequate  Bf 

to  carry  the   added  dead   load,   bituminous  surfacing  IwKss*-^!           -yF 

has  been  tried  as  one  method.     Another  which  has  ■ 

met   with   some   favor  is   the   addition   of  steel-plate  Tm*- 

traffic  treads;  a  third  is  the  addition  of  a  longitudinal  ^^a^nHl 

or  diagonal  layer  of  timber  as  a  wearing  surface;  and  kwMS**?»"~ 

the  use  of  planed  flooring  instead  of  rough  plank  has  FIG.   l.— Steel    Viaduct  With   Concrete    Floor    Carried 

also  been  given  a  reasonable  trial.     The  object  of  the  on   Concrete   Pedestals.     View   Shows   the   Span  Over 

latter  method  is  to  reduce  wear  by  building  a  smooth  Railroad  Track  Incased  in  Concrete 

floor,  and  this  is  accomplished  by  the  uniform  thickness  ,  „jm  fl„Ar  ;,  u  uu 

of  the  planed  flooring      The  beneficial  effect  of  this  ,  "Third.  ]he  upkeep  of  a  wooden  floor  is  far  higher 

Ik/ZwPVPr    k  ™du<dlv  lost  bv  reason  of  the  than  that  of  a  paved  floor  on  a  concrete  base;  and  the 

we^and"  difference  in  the  ^^J^^^^g 

pieces,  the  depth  of  which  naturally  varies  considerably  the    cost    of    timber    will   rise   with    its    augmenting 

from  that  of  the  adjacent  flooring.  scarcity. 

For  a  20-foot  roadway  the  average  unit  prices  of  costs  of  concrete  and  timber  floors  compared 

these  are  approximately  as  follows:  General  adoption  of  the  concrete  floor,  for  which 

Bituminous  surfacing  2  inches  thick,  per  lineal _foot --------  $5-55  jy0C^0T  "Waddell  so  emphatically  declared  seven  years 

Four  Snoot61  tread'  24  inche$  Wide  by  ™                   8-  96  aS°>  has  been  retardcd  t0  a  cerfcain  extent  b^  the  un_ 

FourrUnTs^f°steeftre'a'cl724 "inches  widV  by"  STnch  thick",  satisfactory    experience    with    the    older    type,    used 

per  lineal  foot 5- 60  extensively  in  and  near  cities,  consistmg  ol  a  concrete 

It  thus  appears  that  the  2-inch  bituminous  surfacing  bed  for  block  or  bituminous  surfacing  carried  by  steel 

I  costs  $3.41  Fess  per  lineal  foot  than  the  5/16-inch  treads  buckle  plates..    This  was   the   type   used  be  ore   the 

and  5  cents  less  than  the  3/16-inch  treads.     But  these  adoption  of  reinforced  concrete  slabs,  and  it  has  proved 

comparisons    are   naturally    affected   by   the   relative  to ,  be .expensive  both  to ,  <M>iwti    ■     md  to  mamtam. 

prices  of  steel  and  bituminous  materials,  and  since  the  The  defects  usually  ^^^^^"^^^ 

former  vary  from  about  7  to  11  cents  a  pound  and  the  especially  where  ^£^tmJ^^^^^J^ 

latter  from   approximately   $1.75   to   $3.50   a  square  oose  concrete,  and  frequen ^^  ™^h3£E 

yard  the  relative  cost  of  the  two  methods  may  vary  ing  from  the  breaking  up  of  the  pavement  and  holes  in 

i considerably  from  the  above  averages  which  are  based  the  floor. 
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The  reinforced  slab  design  is  not  open  to  these 
objections;  and  in  common  with  the  older  type  it 
possesses  the  very  desirable  quality  of  rigidity  which 
inspires  the  confidence  of  those  who  ride  over  it.  To 
the  engineer  it  also  suggests  the  idea  of  heavier  weight, 
and  the  first  thought  is  likely  to  be  that  extra  steel 
will  be  required  to  carry  it,  so  much,  perhaps,  that  the 
cost  of  the  bridge  with  concrete  floor  may  exceed  the 
cost  of  a  timber-floored  structure.  So  far  as  the  trusses 
and  floor  beams  are  concerned  this  assumption  is 
correct,  but  on  account  of  the  possibility  of  using 
deeper  I  beams  for  stringers  and  a  wider  spacing  the 
saving  in  stringer  weight  may  be  nearly  enough  to 
compensate  for  the  increased  weight  of  trusses  and 
beams. 

To  show  the  effect  of  using  a  concrete  instead  of  a 
wooden  floor  upon  the  cost  of  actual  structures  of 
various  types  a  number  of  cases  are  cited  below  in 
which  comparative  estimates  or  alternate  bids  on  the 
two  types  of  construction  are  available. 

Case  1. — The  structure  shown  in  Figure  1  consists 

of   a  steel  viaduct  on   concrete  pedestals   and   open 

abutment  bents  with  riprapped  embankment  around 

the  ends  of  the  fills.     It  crosses  a  railroad  track  and  a 

creek   about   70  feet  wide.     The  entire  structure  is 

379  feet  in  length,  with  span  lengths  as  follows: 

Feet 

1  deck  truss 65 

2  deck  I-beam  spans,  each  40  feet 80 

5  deck  I-beam  spans,  each  32  feet 160 

2  deck  I-beam  spans,  each  37  feet 74 

The  roadway  width  is  20  feet. 

For  this  structure  alternate  designs  were  made,  one 
with  a  concrete,  the  other  with  a  timber  floor,  both  to 
carry  a  concentrated  live  load  of  two  15-ton  trucks 
with  67  per  cent  of  their  weight  on  the  rear  axle,  plus 
an  allowance  of  30  per  cent  for  impact. 

While  the  preliminary  estimates  indicated  that  the 
cost  of  the  structure  would  probably  be  increased  2^ 
per  cent  by  the  concrete  floor,  the  contract  was  let  at 
no  increase.  One  of  the  40-foot  I-beam  spans  over 
the  railroad  track,  as  constructed,  has  its  beams 
encased  in  concrete.  This  was  not  provided  for  in 
the  alternate  timber-floor  scheme.  The  estimate  of 
the  cost  of  the  concrete-floored  structure  complete, 
based  on  bid  prices  and  including  10  per  cent  for 
incidentals,  is  $44,000. 

Case  2. — Another  bridge,  now  under  construction, 
crosses  a  river  the  bed  of  which  is  erodible  to  a  con- 
siderable depth.  It  is  designed  to  carry  two  15-ton 
trucks  with  67  per  cent  of  their  weight  on  the  rear 
axle,  plus  an  allowance  of  30  per  cent  for  impact. 

Alternate  designs  for  concrete  and  timber-floored 
structures  were  made  for  two  arrangements  of  spans 
including  varying  span  lengths.  For  one  arrange- 
ment the  estimate  of  the  cost  of  the  concrete-floored 
structure  was  about  2  per  cent  higher  than  that  for 
the  wooden-floored  design;  for  the  other  arrangement 
the  concrete  floor  caused  an  increase  of  about  4  per 
cent  in  cost. 

The  first  arrangement  with  concrete  floor  and  a 
roadway  width  of  18  feet  is  now  under  construction. 
It  consists  of  three  steel  spans  between  piers  130, 
190,  and  320  feet  apart,  and  eight  timber  trestle  spans, 
each  19  feet  in  length,  making  a  total  length  of  792 
feet.  The  contract  price  for  this  structure,  exclusive 
of  approaches,  is  $180,000. 


COST   INCREASED    ONLY    2   PER    CENT    BY    CHANGE   FROM    WOOD 
TO   CONCRETE 

Case  3  — In  another  case  which  recently  came  to 
the  writer's  attention  a  design  was  made  for  two  spans 
with  an  18-foot  roadway,  one  180  and  the  other  200 
feet  in  length,  with  a  concrete  floor,  after  preliminary 
designs  had  been  made  for  the  same  spans  with  a 
timber  floor. 

In  each  case  the  design  was  made  for  a  concentrated 
live  load  of  two  15-ton  trucks  with  80  per  cent  of  their 
weight  on  the  rear  axle,  plus  an  allowance  of  30  per 
cent  of  the  live  load  stress  for  impact. 

For  the  entire  structure  the  estimates  showed  a 
margin  in  favor  of  the  wooden-floored  design  amount- 
ing to  $617,  the  cost  with  concrete  floor  being  $33,425. 
For  the  two  spans  the  difference  was  thus  shown  to  be 
about  $1.63  per  foot  or  less  than  2  per  cent  of  the  total 
cost  of  the  wooden-floored  structure.  For  the  180- 
foot  span  the  difference  was  $1.58  per  foot;  for  the 
200-foot  span  about  $1.67  per  foot.  The  comparative 
estimates  for  the  two  designs  of  each  span  were  as 
follows : 

Comparative  estimates  of  cost  of  the  ISO-foot  span 

1.  WITH  CONCRETE  FLOOR  AND  A  DEAD-LOAD  ALLOWANCE  OF  25 
POUNDS  PER  SQUARE  FOOT  FOR  SURFACING 


Item                                         Quantity- 

Unit 
price 

Total 

Concrete.  _  . . 

88  cubic  yards -.... 

214,000  pounds 

12,500  pounds 

$22. 00 
.06 
.055 

$1, 930. 00 

Structural  steel .  .. 

12, 840. 00 

Reinforcing  steel. . 

687. 50 

Total     . 

15, 463.  50 

2.  WITH  CREOSOTED  TIMBER  FLOOR  AND  A  DEAD-LOAD  ALLOW- 
ANCE OF  25  POUNDS  PER  SQUARE  FOOT  FOR  SURFACING 

Structural  steel 

210,000  pounds 

$0.06 
.10 

$12, 600.  00 

Creosoted  timber _     _  __  _ 

25, 800  feet  b.m 

2, 580. 00 

Total 

15, 180.  00 

Comparative  estimates  of  cost  of  the  200-foot  span 

1.  WITH  CONCRETE  FLOOR  AND  A  DEAD-LOAD  ALLOWANCE  OF  25 
POUNDS  PER  SQUARE  FOOT  FOR  SURFACING 

Item 

Quantity 

Unit 
price 

Total 

Concrete 

98.0  cubic  vards 

250,500  pounds 

14, 100  pounds . 

$22. 00 
.06 
.055 

$2,156.00 

Structural  steel 

15, 030. 00 

775.  50 

Total 

17, 961.  50 

2.  WITH  CREOSOTED  TIMBER  FLOOR  AND  A  DEAD-LOAD  ALLOW- 
ANCE OF  25  POUNDS  PER  SQUARE  FOOT  FOR  SURFACING 

Structural  steel ---'- 

246,  300  pounds 

28, 500  feet  b.  m 

$0.06 
.10 

$14, 778, 00 

Creosoted  timber 

2, 850. 00 

Total 

17,  628. 00 

Case  4- — A  bridge  which  is  about  one  year  old 
includes  three  100-foot  spans  with  a  roadway  of  18  feet. 
It  has  a  creosoted  timber  floor  with  four  steel-plate 
traffic  treads  24  inches  wide  by  3/16  inch  thick.  The 
actual  cost  of  this  structure  at  the  prices  bid  for  the 
several  items  was  $8,362.49  for  each  100-foot  span  as 
shown  in  the  tabulation  below. 

Recently  a  bridge  of  the  same  dimensions,  but  with  a 
concrete  instead  of  a  timber  floor,  was  designed  for  con- 
struction on  a  forest  road.  In  each  case  the  design 
was  made  for  a  concentrated  live  load  of  two  15-ton 
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trucks  with  80  per  cent  of  their  weight  on  the  rear  axle, 
plus  an  allowance  of  30  per  cent  for  impact.  Using 
the  price  bid  for  structural  steel  in  the  older  bridge  and 
reasonable  prices  for  concrete  and  reinforcing  steel  it 
is  estimated  that  the  forest  road  bridge  with  concrete 
floor  can  be  built  at  a  price  of  $7,906.01  for  each  100- 
foot  span  as  shown  in  detail  below. 

Comparison  of  these  designs  and  the  estimates  below 
indicates  that  it  probably  would  have  been  possible 
to  substitute  for  the  older  design  with  wooden  floor 
economically  designed  steel  spans  with  concrete  floor 
at  a  cost  materially  less  than  the  price  paid  for  the 
actual  timber-floored  structure  with  steel  traffic  treads. 

The  actual  cost  of  the  wooden-floored  bridge  per 
100-foot  span  and  the  estimated  cost  of  the  equivalent 
structure  with  concrete  floor  are  as  follows: 

1.  ACTUAL  COST  OF  100-FOOT  SPAN  WITH  18-FOOT  TIMBER  FLOOR 
AND  4  STEEL-PLATE  TRAFFIC  TREADS 


Item 

Quantity 

Unit 
price 

Total 

Structural  steel .     . 

96,700  pounds. .. 

$0.  0687 
.098 
.10 

$6,  643. 29 

Creosoted  timber 

10,400  feet  b.  m. 

7,000  pounds 

1, 019.  20 

Traffic  treads 

700.00 

Total  .  -     

8, 362.  49 

2.  ESTIMATED  COST  OF  100-FOOT  SPAN  WITH  18-FOOT  CONCRETE 

FLOOR 

Structural  steel 

92,300  pounds 

$0. 0687 
.05 
25.00 

$6,  341. 01 

Reinforcing  steel 

6,800  pounds 

340. 00 

Concrete 

49  cubic  yards 

1, 225.  00 

Total 

7,  906. 01 

BITUMINOUS  SURFACED  CONCRETE  COSTS  LESS  THAN  WOOD  WITH 
HEAVY   TRAFFIC   TREADS 

Case  5. — Two  designs  were  recently  prepared  for  the 
same  span  and  roadway,  135  feet  and  20  feet  respec- 
tively. Each  provided  for  a  concentrated  live  road  of 
two  15-ton  trucks  with  80  per  cent  of  their  weight  on  the 
rear  axle,  plus  an  allowance  of  30  per  cent  for  impact. 
One  was  made  for  a  concrete  floor,  the  other  for  a 
creosoted  timber  floor^  each  to  carry  2  inches  of  bitu- 
minous surfacing. 

As  shown  by  the  following  estimates  of  the  cost  of 
the  two  designs  the  one  with  a  concrete  floor  may  be 
expected   to   cost  $165   more   than   the   wooden-floor 

Comparative  estimates  of  cost  of  the  two  designs 
I.  WITH  CONCRETE   FLOOR  AND  2-INCH  BITUMINOUS    SURFACE 


Item 

Quantity 

Unit 
price 

Total 

Structural  steel 

148,600  pounds 

9,300  pounds 

$0. 069 
.055 
25.00 
2.50 

$10, 253. 40 

511.50 

1, 800. 00 

Bituminous  surface .. 

292  square  yards 

730. 00 

Total 

13, 294.  90 

2.  WITH  CREOSOTED  TIMBER  FLOOR  AND  2-INCH    BITUMINOUS 

SURFACE 


design,  which  is  $1.22  per  lineal  foot  and  only  about 
1M  per  cent  above  the  cost  of  the  wooden-floored 
structure. 

With  four  lines  of  steel-plate  traffic  treads,  weighing 
9,400  pounds,  estimated  at  the  low  cost  of  8  cents  a 
pound  the  cost  of  this  structure  would  be  $13,151.90,  or 
only  $143  less  than  the  structure  with  a  concrete  floor 
and  bituminous  surfacing.  This  estimate  is  based  on 
the  use  of  24-inch  by  3/16-inch  treads  which  is  the  usual 
practice,  although  it  is  doubtful  if  plates  so  thin  will 
give  good  service  for  a  long  time,  especially  if  the  cor- 
ners of  the  plates  are  not  bolted  down  with  through 
bolts.  If  ^6-inch  plates  are  assumed,  the  estimated 
cost  becomes  $13,609.50,  which  is  $314.60  higher  than 
the  cost  of  the  bridge  with  concrete  floor  and  bituminous 
surfacing,  a  difference  of  more  than  2  per  cent  of  the 
total  cost  in  favor  of  the  concrete-floored  structure. 
Without  the  bituminous  surfacing  the  concrete-floored 
design  would  cost  only  $12,564.90  and  would  then  have 
a  favorable  margin  of  $587  compared  with  the  design 
with  timber  floor  and  thin  traffic  treads,  a  difference 
amounting  to  more  than  4  per  cent  of  the  total  cost. 

OTHER  ADVANTAGES  OF  CONCRETE 

It  would  seem  that  the  above  comparisons  fully 
support  the  declaration  by  Doctor  Waddell  in  favor  of 
concrete  floors  from  the  standpoint  of  economy.  From 
other  points  of  view  it  would  also  seem  that  there  might 
be  added  to  the  three  reasons  he  enumerates,  as  the 
basis  for  his  preference,  several  others,  as  follows: 

1.  That  a  well-shaped  and  watertight  concrete  floor 
so  formed  as  to  conduct  the  surface  water  to  outlets 
away  from  the  steel  work  gives  better  protection  from 
the  corrosive  effects  of  weather  and  dirt  to  the  steel 
under  it. 

2.  That  it  is  maintained  with  less  labor  and  that  its 
upkeep,  therefore,  causes  less  interference  with  traffic. 

3.  That  the  first  cost  of  a  concrete-floored  bridge 
designed  to  carry  heavy  truck  loads  is  generally  but 
little  more  than  a  timber-floored  design  for  the  same 
live  load  Even  where  prices  are  unfavorable  to 
concrete  the  cost  may  only  slightly  exceed  that  of  a 
timber-floored  design. 

4.  A  concrete  floor  increases  the  rigidity  of  the  spans 
and  in  this  respect  acts  as  an  aid  to  the  bracing. 


Structural  steel 

153,500  pounds... 

16,440  feet  B.  M 

292  square  yards 

$0.  069 

.  11 

2.50 

$10, 591.  50 

Creosoted  timber. . 

1,808.40 

Bituminous  surface 

730.00 

Total 

13, 129.  90 

C.  S.  JARVIS  IS  AWARDED  MEDAL   FOR  PAPER 
ON  FLOOD  FLOW 

C.  S.  Jarvis,  associate  highway  engineer  of  the 
Bureau  of  Public  Roads,  has  been  awarded  the 
J.  James  R.  Croes  medal  for  his  paper  "Flood-Flow 
Characteristics"  by  the  American  Society  of  Civil 
Engineers.  This  medal  is  considered  as  next  to  the 
highest  honor  of  this  character  conferred  by  the 
society  and  is  awarded  for  a  paper  which  is  judged 
worthy  of  special  commendation  for  its  merit  as  a 
contribution  to  engineering  science. 

Mr.  Jarvis  has  for  several  years  made  a  special  study 
of  flood  flow  in  streams  in  addition  to  his  regular 
highway  engineering  duties.  His  object  has  been  to 
arrive  at  some  method  whereby  the  maximum  flood 
flow  of  a  stream  can  be  determined  with  a  fair  degree 
of  accuracy  from  such  information  as  can  be  collected 
in  the  course  of  a  survey  for  a  bridge  or  river  control 
work . 


THE  STRENGTH  OF  MORTAR  AND  CONCRETE  AS 
INFLUENCED  BY  THE  GRADING  OF  THE  SAND 

By  T.  C.  POWERS,  Chemist,  Department  of  Materials,  Oregon  State  Highway  Commission 

IN  AN  article  under  the  above  title  appearing  in  the  aggregate  graded  from  zero  to  four.  But,  in  a  1:  2:4 
July  number  of  Public  Koads  the  following  four  mix  this  sand  combined  with  the  same  coarse  aggregate 
conclusions  are  reached:  as  before  would  result  in  a  fineness  modulus  of  6.40  for 

"1.  That  there  is  an  ideal  grading  of  sands  which  will    the  combined  aggregate.     This  is    too  coarse  for  the 
produce  maximum  strength  in  concrete.  amount  of  cement  used  and  the  strength  of  the  concrete 

"2.  That  the  ideal  grading 
curve  assumes  an  arched  form 
showing    a   predominance  of 


the  material  retained  upon 
the  coarser  sieves. 

"3.  That  for  a  given  mix, 
there  is  a  practical  limit  to 
the  quantity  of  material  pass- 
ing each  size  sieve,  where  a 
given  strength  of  concrete 
is  required. 

"4.  That  an  exceptionally 
high  tensile  strength  of  sand 
in  1 :  3  mortar  is  not  neces- 
sarily associated  with  a  high 
compression  strength  of  the 
same  material  when  mixed 
with  the  average  coarse  aggre- 
gate in  concrete;  hence  the 


In  this  article  the  author  discusses  the 
paper  published  under  the  same  title  in  the 
July  issue  of  PUBLIC  KOADS  from  the 
point  of  view  of  the  fineness  modulus 
theory  and  offers  an  interpretation  of  the 
data  presented  in  the  original  article  which 
he  believes  to  be  more  in  accord  with  the 
fundamentals  of  concrete  designing. 

He  then  presents,  as  a  sequel  to  the 
original  paper  and  his  discussion,  a  state- 
ment of  his  belief  as  to  what  is  really 
wrong  with  the  1 :  3  mortar  test. 


is  lower.  To  equal  the  strength 
of  the  concrete  developed  by 
the  "ideal"  curve  the  mix 
would  have  to  be  made  about 
one  part  cement  to  four  parts 
combined  aggregate. 

The  fineness  modulus  of  the 
bottom  curve  is  about  2.80. 
This,  combined  with  the  coarse 
aggregate  in  a  1:2:4  mix 
would  give  the  combined 
aggregate  fineness  modulus  of 
5.92,  which  would  require  more 
mixing  water  than  the  6.16 
of  the  middle  curve.  A  lower 
strength  is  the  result. 

From  the  foregoing  it  should 
be  clear  that  there  is  no  signifi- 
cance in  the  fact  that  the  tensile 


PER  CENT  PASSING  THE  SEVERAL  SIEVES 


tensile  strength  is  not  a  proper  gauge  of  the  quality  of    strength  of  the  1 : 3  mortar  did  not  reach  a  maximum  as 
a  sand  for  concrete. "  the  coarseness  of  the  sand  increased,  while  the  compres- 

It  was  found  that  for  a  1:  2:  4  mix  the  grading  sive  strength  of  the  1:2:4  concrete  did.  The  reason  is 
giving  maximum  strength  of  concrete  in  compression 
was  not  the  same  as  the  grading  giving  maximum 
strength  in  tension  in  a  1 :  3  mortar,  and  from  this  fact 
the  conclusion  is  quite  naturally  drawn  that  tensile 
strength  is  not  a  proper  gauge  of  the  quality  of  a  sand. 
However,  to  the  writer,  the  most  important  thing 
illustrated  by  this  investigation  is  the  absurdity  of 
proportioning  concrete  by  an  arbitrary  mix  whenever 
a  given  strength  is  sought.  To  show  this  the  writer 
wishes  to  offer  another  interpretation  of  the  sand 
analysis  chart  published  with  the  article. 

Let  us  consider  first  the  middle  ("ideal")  curve. 
While  the  article  does  not  so  state,  it  is  assumed  that, 
since  the  object  was  to  investigate  sand,  the  coarse 
aggregate  was  the  same  or  very  similar  in  all  tests.1 
Let  us  assume,  then,  that  the  coarse  aggregate  has  a 
fineness  modulus  of  7.5  and  a  maximum  size  of  2 
inches.  (At  least  15  per  cent  retained  on  the  13^-inch 
sieve.)  From  the  curve,  the  ideal  sand  shows  a  fineness 
modulus  of  about  3.30.  Then  in  a  1:2:4  mix  the 
combined  aggregate  would  have  a  fineness  modulus  of 
6.16,  which  is  about  the  maximum  permissible  fineness 
modulus  for  the  above  proportion  of  cement.2  To 
increase  the  fineness  modulus  beyond  this  value  would 
result  in  an  aggregate  too  coarse  for  the  amount  of 
cement  used,  and  a  decrease  in  strength  would  result. 
Furthermore,  to  decrease  the  fineness  modulus  would 
cause  an  increase  in  mixing  water  for  a  given  consistency 
with  a  corresponding  decrease  in  strength 


THE  CURVES  SHOW  THE  RELATION  BETWEEN 
STRENGTH  AND  6RA0INS  OF  200  SAMPLES 
OF  COLORADO  SANDS  ANO  GRAVELS  TESTED 
IN  TENSION  AND  COMPRESSION  IN  13  MORTAB 
AND   12    4  CONCRETE. 

T"  TENSILE  STRENGTH  OF  THE  SAND.  IN  PER 
CENT.  COMPARED  WITH  STANDARD  OTTOWA  SAND. 
C- COMPRESSION   STRENGTH  IN  POUNDS  OF 
THE  COMBINED   SAND  AND  GRAVEL  IN  A  12  4 
MIX  OF  CONCRETE. 


Fig.  1. — Sand  Analysis  Chart 

that  the  sand  did  not  become  too  coarse  for  the  1 : 3 
mortar,  but  the  combined  aggregate  did  become  too 
coarse  for  a  1 :2: 4  mix.     See  Figures  2  and  3. 

ANOTHER   VIEW   OF   WHAT   THE   GRAPH   SHOWS 


It  seems,  therefore,  that  the  conclusion  that  " .     .     . 

tensile  strength  is  not  a  proper  gauge  of  the  quality  of 

a  sand  for  concrete"  is  not  justified  by  the  data  pre- 

WithlhisTn  mind  TeTuTexTimnrtlie 'top  curve  of    sent?d.     If  the  finer  or  coarser  sand   were  properly 

the  chart,  which  is  reproduced  herewith  as  Figure  1 


The  fineness  modulus  is  about  4.00;    just  about  the 
maximum  permissible  value    for  a   1:3   mix  with  an 

1  This  assumption  is  not  correct.  The  coarse  aggregate  was  not  the  same  in  all 
tests.  Mr.  Rose's  study  was  based  upon  the  results  of  laboratory  tests  by  the  State 
of  Colorado,  and  it  is  known  that  the  coarse  aggregates  represented  were  not  uniform. 

2  See  Bui.  No.  1,  Structural  Materials  Research  Laboratory,  Lewis  Institute, 
Chicago,  III. 

174 


combined,  the  same  strength  as  the  "ideal"  could  be 
obtained  without  increasing  the  cement,  all  other 
factors  such  as  structure  and  cleanliness  being  equal. 
Let  us  illustrate  by  again  taking  the  top  and  bottom 
curves  for  consideration. 

By  changing  the  mix  to  1:2.4:3.6,  using  the  sand 
represented  by  the  top  curve,  the  combined  aggregate 
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would  have  a  fineness  modulus  of  6.16,  the  same  as 
the  modulus  obtained  by  using  the  "ideal"  sand.  All 
else  being  equal,  the  strength  would  be  the  same  as 
the  ideal  of  the  chart. 

By  changing  the  mix  to  1:8.8:4.2,  using  the  sand 
represented  by  the  bottom  curve,  the  combined  aggre- 
gate would  have  a  fineness  modulus  of  6.16  and  again, 
all  else  being  equal,  the  strength  would  be  the  same 
as  the  "ideal."  It  is  to  be  noted  that  in  neither  case 
was  the  proportion  of  cement  increased. 

It  is  quite  true  that  for  a  1:2:4  mix,  with  a  given 
coarse  aggregate,  a  given  strength  can  result  from  the 
use  of  but  one  and  only  one  grading  (fineness  modulus) 
of  sand,  but  it  would  be  only  by  the  remotest  chance, 
if  ever,  that  the  sand  would  happen  to  be  the  one  show- 
ing the  maximum  tensile  (or  compressive)  strength 
in  a  1 :  3  mortar. 

From  this  viewpoint  the  conclusion  as  to  what  the 
graph  shows  would  have  to  be  revised  somewhat  as 
follows : 

1.  That  there  is  no  ideal  grading  of  sands  which 
produces  maximum  strength  in  concrete,  generally 
speaking,  for,  with  each  variation  in  coarse  aggregate, 
there  should  be  a  corresponding  change  in  the  fine 
aggregate,  either  in  its  grading  (fineness  modulus)  or 
in  the  proportion  used. 

2.  That  an  exceptionally  high  tensile  strength  due  to 
grading  only  will  give  the  maximum  strength  only 
when  properly  combined  with  a  given  coarse  aggregate. 
When  used  in  an  arbitrary  mix  it  is  just  as  apt  to  lower 
the  strength  as  to  raise  it. 

It  is  easily  seen  that  to  get  a  certain  strength  from  a 
given  coarse  aggregate  using  an  arbitrary  mix  one's 
choice  of  fine   aggregate  is  extremely  limited.     One 


fine  and  coarse  aggregates  should  depend  entirely 
upon  the  nature  (grading)  of  the  aggregates  and  the 
grading  of  the  combined  aggregate  desired. 

WHAT  IS    REALLY    WRONG    WITH    THE    1:3    MORTAR   TEST 

The  following  argument  is  based  largely  upon  data 
contained  in  Bulletin  No.  1  of  the  Structural  Materials 
Research  Laboratory,  Lewis  Institute;  and  a  bulletin 
covering  nearly  the  same  things  issued  by  the  Portland 
Cement  Association.  We  believe  that  the  water- 
cement  ratio  is  the  fundamental  fact  underlying  all 
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sponding Fineness  Moduli  of  the  Mixed  Aggregate 
Using  Coarse  Aggregate  With  a  Fineness  Modulus  of 
7.5  and  a  Maximum  Size  of  2  Inches 

must  either  find  exactly  the  right  sand  or  miss  the 
strength  desired.  How  much  more  sensible  and  eco- 
nomical it  is  to  design  a  mix  out  of  the  materials 
available,  using  the  minimum  amount  of  cement  with 
the  maximum  value  of  fineness  modulus  for  the  con- 
ditions at  hand.  Instead  of  being  confined  to  a  single 
grading  for  a  given  strength,  the  variety  of  usable 
gradings  is  very  large.     The   proportion  between  the 
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the  Sands  Represented  by  the  Curves  of  Figure  1 

scientific  methods   of  designing  concrete  mixes,   and  • 
that  the  water-cement  ratio  is  a  function  of  the  fine- 
ness   modulus    of    the    aggregate.     However,    if    this 
theory  were  only  partially  correct  there  would  still  be 
considerable  weight  to  the  fdllowing  consideration. 

Fine  aggregate,  or  sand,  is  defined  as  that  material 
passing  the  4-mesh  sieve.  Our  present  specifications 
state  that  a  1 : 3  mortar  made  from  a  given  sand  shall 
develop  at  least  100  per  cent  of  the  strength  of  an 
identical  mortar  made  with  standard  Ottawa  sand. 
In  other  words,  an  aggregate  having  the  maximum 
size  of  4  must  develop  as  much  strength  as  Ottawa 
sand  having  a  fineness  modulus  of  about  2.95  and 
maximum  size  of  14.  (See  Bulletin  No.  1  referred  to 
above  for  a  definition  of  maximum  size  of  aggregate.) 

The  object  of  the  1 :  3  mortar  test  is  to  detect  struc- 
tural unsoundness.  Occasionally  it  is  said  that  it  deter- 
mines the  suitability  of  the  grading  also,  but,  as  will 
be  shown  later,  a  sand  suitably  graded  for  one  arbi- 
trary mix  may  be  wholly  unsuited  for  some  other  mix  : 
and,  when  using  the  sand  in  a  scientifically  designed 
mix,  a  sand  that  will  not  pass  in  the  1:3  mortar  test 
may  be  very  well  used  if  combined  in  the  correct 
proportion — if  structurally  the  sand  is  sound  enough. 

Let  us  see  whether  with  our  present  method  of  testing 
we  are  able  to  detect  structural  unsoundness,  or  even 
to  determine  the  suitability  of  a  sand.  Examination 
of  hundreds  of  reports  of  sand  tests  shows  that  the 
average  sand  graded  from  zero  to  four  must  have  a  fine- 
ness modulus  of  about  3  as  a  minimum  in  order  to  devel- 
op as  much  strength  as  standard  mortar.  There  are 
finer  sands  than  this  that  will  pass  the  test,  but,  as  a 
rule,  these  sands  do  not  fall  into  the  class  of  zero-to-four 
grading.  A  sand  having  the  same  maximum  size  as 
Ottawa  (14)  and  having  a  fineness  modulus  of  2.5 
should,  if  structurally  as  sound  as  Ottawa  excel  the 
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standard  strength.  This  is  due  to  the  fact  that  2.5 
is  the  maximum  permissible  fineness  modulus  for  a 
zero-to-fourteen  aggregate  and  a  1:3  mix.  Ottawa 
sand  has  a  fineness  modulus  of  about  2.95  and  is  there- 
fore too  coarse  to  develop  its  maximum  strength. 
The  sand  with  the  2.5  fineness  modulus  and  maximum 
size  of  14  would  therefore  excel  it.  (See  table  of 
maximum  permissible  values  of  fineness  modulus  in 
Bulletin  No.  1.)  However,  the  average  sand  graded 
from  zero  to  four  must  have  a  fineness  modulus  of 
about  3  as  a  minimum  in  order  to  pass  the  test.  A 
modulus  smaller  than  this  will  raise  the  water-cement 
ratio  to  a  point  which  will  disqualify  nearly  all  sands. 

It  is  a  significant  fact  that  with  a  1 : 3  mix  and  an 
aggregate  graded  from  zero  to  four  the  maximum 
permissible  value  of  fineness  modulus  is  3.90.  This 
means  that  sands  may  range  in  grading  from  3  to 
3.90  without  chance  of  failure  due  to  grading.  It  is, 
of  course,  obvious  that  any  sand  with  a  modulus 
between  3  and  3.90  which  fails  to  pass  the  test  is 
structurally  unsound.  But  what  of  the  sand  coarser 
than  3  that  passes,  and  the  sand  finer  than  3  that  fails? 
An  example  or  two  will  help  to  answer  this. 

Suppose  that  we  have  a  sand  with  a  fineness  modulus 
of  3.60,  graded  from  zero  to  four,  which  passes  the 
test  at  120  per  cent.  Is  the  sand  structurally  sound? 
We  have  always  assumed  that  it  is  because  it  has 
developed  more  than  standard  strength,  but  how  do 
we  know  what  it  would  have  done  had  the  fineness 
modulus  been  reduced  to  3?  In  other  words,  the 
grading  of  this  sand  permitted  a  lowering  of  the  water- 
cement  ratio  enough,  perhaps,  to  more  than  account 
for  the  20  per  cent  over  the  standard  strength.  Sup- 
pose, for  the  sake  of  argument,  that  this  sand  were 
actually  unsound,  but  that  due  to  the  lowered  water- 
cement  ratio  it  was  able  to  pass  the  test.  This  is  not 
at  all  improbable  because  the  difference  in  the  amount 
of  water  required  for  a  fineness  modulus  of  3  and 
one  of  3.60  is  considerable.  We  now,  having  accepted 
the  sand  for  use,  combine  it  with  a  coarse  aggregate 
in  such  proportions  as  to  produce  a  certain  fineness 
modulus  in  the  combined  aggregate  (Abram's  method), 
or  we  combine  it  according  to  some  arbitrary  mix. 
Let  us  consider  the  first  alternative. 

EXAMPLES  SHOW  DEFECTS   OF   MORTAR   TEST 

By  Abram's  method  the  sand  is  combined  entirely 
on  a  basis  of  grading  (fineness  modulus),  taking  into 
consideration  the  fineness  modulus  of  the  fine  aggre- 
gate, of  the  coarse  aggregate,  and  of  the  combined 
aggregate  to  be  produced.  The  aggregates  are  assumed 
to  be  sound  structurally.  Now  that  the  combination 
is  made  we  are  no  longer  dealing  with  a  sand  graded 
from  zero  to  four  and  having  a  fineness  modulus  of 
3.60,  but  with  an  aggregate  which  has,  say,  a  fineness 
modulus  of  5.8  and  a  maximum  size  of  1J^.  The 
sand  is  now  an  integral  part  of  the  combined  aggregate 
and  has  lost  the  advantage  in  grading  that  it  had  in 
the  1 : 3  mortar  test.  An  inferior  concrete  is  the 
result  because  the  sand  was  unsound. 


If  we  adopt  the  second  alternative,  and  mix  the 
sand  in  combination  with  a  coarse  aggregate  according 
to  some  arbitrary  mix  such  as  1 :2:4  it  is  possible  that 
not  only  will  the  actual  unsoundness  of  the  sand  lower 
the  strength,  but  also  that  the  very  grading  that  caused 
the  sand  to  pass  the  test  may  be  a  disadvantage  in  the 
arbitrary  mix.  An  example  will  make  this  clear. 
Given: 

Coarse  aggregate — ■ 

Fineness  modulus 7.  50 

Maximum  size 1^4 

Fine  aggregate — - 

Fineness  modulus 3.  60 

Maximum  size 4 

Mix 1:2:4 

The  above  materials  combined  in  a  1:2:4  mix 
produce  a  combined  aggregate  having  a  fineness 
modulus  of  6.12.  Now,  the  maximum  permissible 
value  of  fineness  modulus  for  this  mix  and  maximum 
size  is  about  5.8.  The  above  mix  is  therefore  too 
coarse  to  produce  maximum  strength.  The  aggregate 
is  undersanded.  There  should  be  either  more  of  this 
sand  added  (change  the  mix  to  1:2.6:3.4)  or  else  the 
same  proportion  of  a  finer  sand  should  be  used.  If 
the  modulus  of  the  sand  were  2.4  instead  of  3.6  the 
fineness  modulus  of  5.8  would  be  produced  without 
changing  the  mix.  All  of  this  is  based  on  the  fact 
that  maximum  strength  for  a  given  mix  is  produced 
when  the  aggregate  has  the  maximum  permissible 
fineness  modulus  for  that  mix.  If  the  value  is  lowered 
the  water-cement  ratio  is  raised;  if  the  value  is  raised 
without  increasing  the  maximum  size  of  the  aggregate 
there  is  not  enough  cement  to  fill  the  voids. 

In  the  preceding  paragraph  we  found  that  a  sand 
having  a  fineness  modulus  of  2.4  would  have  produced 
a  maximum  strength  with  that  mix  and  that  coarse 
aggregate.  Suppose  that  a  sand  graded  from  zero  to 
four  and  having  a  fineness  modulus  of  2.4  were  sub- 
mitted for  test.  Let  this  be  a  clean,  sound,  sand. 
Experience  has  shown  that  in  all  probability  this 
sand  would  fail  in  the  standard  test  because  of  its 
fineness  and  consequent  raising  of  the  water-cement 
ratio.  The  sand  would  be  rejected  and  in  so  doing 
we  would  be  rejecting  the  only  sand  that  could  be 
combined  with  the  coarse  aggregate  postulated  above 
to  produce  the  maximum  strength  for  a  1:2:4  mix. 
This  is  an  important  consideration  in  view  of  the  prev- 
alence of  arbitrary  mixes.  Furthermore,  in  rejecting 
this  sand,  we  would  be  discarding  material  that  might 
very  well  be  used  with  any  coarse  aggregate  in  a 
properly  designed  mixed. 

The  fallacy  in  trying  to  determine  the  suitability  of 
a  sand  by  the  present  method  is  apparent.  We  have 
seen  how  an  unsound  sand  could  be  accepted  for  use, 
and  how  a  sound,  useful,  sand  could  be  rejected.  The 
gradings  suitable  in  the  test  might  be  wholly  unsuitable 
for  the  concrete,  and  vice  versa.  Surely  there  is  a 
crying  need  for  a  test  for  sand  in  which  the  quality  of 
the  sand  is  the  only  variable,  and  by  which  the  degree 
of  soundness  can  be  measured. 
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FIVE  YEARS  OF  STATE  ROAD  BUILDING  AND  ITS 

RESULTS 


By  FRANK  PAGE,  Chairman,  State  Pighway  Commission  of  North  Caro'.in 


The  building  of  our  State  system  of  highways  in 
North  Carolina  during  the  last  five  years  has  linked 
together  our  great  trunk-line  railroads  and  our  water- 
ways into  an  effective  transportation  machine. 

On  the  coast  our  ports  receive  imports  from  all  the 
world  distributed  to  our  Carolina  markets  by  rail  and 
motor.  A  coastwise  shipping  takes  potatoes,  melons, 
and  truck  produce  to  Baltimore,  Washington,  and  New 
York. 

Our  trunk-line  railroads  take  our  fabricated  tobacco, 
cotton,  and  furniture  from  the  factories  of  Gastonia, 
Durham,  Winston-Salem,  and  High  Point  and  deliver 
them  to  all  parts  of  the  United  States  and  other 
countries. 

Our  6,500  miles  of  State  highway  system — 4,500 
miles  improved  plus  the  secondary  feeder  roads — are 
the  means  by  which  much  of  the  raw  materials  get  to 
the  factories  and  thence  to  the  rails.  Conversely  they 
are  the  means  of  distribution  of  our  imports  and  food 
products  to  our  people. 

In  this  period  of  five  years  from  1921  to  1926, 
North  Carolina  has  probably  made  greater  progress 
agriculturally,  industrially,  and  socially  than  any  other 
State  in  the  Union  in  a  similar  period  of  time. 

One  of  the  most  important  factors  in  this  metamor- 
phosis has  been  our  highway  improvement  program, 
involving  the  building  of  $125,000,000  worth  of  high- 
ways  since  1919 — most  of  it  since  1921  when  we  issued 
$50,000,000  in  bonds  and  later  $35,000,000  more  to 
build  a  State  system  of  highways. 

What  has  been  the  result?  Has  it  helped  or  hurt 
industry,  agriculture,  the  taxpayer,  the  4,000  miles  of 
trunk-line  railroads  and  1,000  miles  of  short  lines  in 
the  State? 

A  few  facts  will  help  us  to  understand  what  has 
happened  since  1920  and  1921. 

We  have  increased  the  number  of  our  farms  by  13,000 
during  a  period  when  the  number  of  farms  for  the 
country  as  a  whole  fell  off. 

We  have  built  consolidated  rural  schools  valued  at 
$35,000,000.  To  these  each  school  day  are  brought 
100,000  pupils  in  2,000  school  busses  operating  40,000 
miles — largely  on  the  State  system. 

We  have  developed  40  cooperative  farm  marketing 
associations,  many  of  them  stimulated  by  our  State 
Department  of  Agriculture,  and  engaged  in  shipping 
carload  after  carload  of  poultry,  eggs,  hogs,  fruits,  and 
vegetables  that  we  formerly  never  grew  for  outside  sale. 

Roadside  markets  and  city  curb  markets  have  stimu- 
lated the  growing  of  truck  produce  on  our  farms  and 
are  the  outlet  for  the  farm  surplus.  The  farm  women 
are  the  merchandisers  of  this  surplus  and  with  the 
first  available  cash  money  most  of  them  have  ever 
had  are  putting  modern  conveniences  into  their  homes, 
dressing  themselves  and  their  children  better,  paint- 
ing their  houses,  and  beautifying  their  yards. 

We  have  recovered  our  lost  provinces — those  sec- 
tions of  the  State  to  the  far  east  and  west  formerly 
foreign  to  the  State  so  far  as  transportation  connec- 
tions of  any  kind  were  concerned.     To  reach  some  of 


1  A  statement  made  by  the  writer  in  hearings  before  the  Interstate  Commerce 
Commission  on  interstate  operation  of  motor  trucks  and  busses,  I.  C.  C.  Docket 
18,300. 

18971— 26t 


One   op  the   Sand-Asphalt  Roads   Recently  Constructed 
in  the  Coastal  Section  of  the  State 

these  points  in  our  own  State  involved  rail  travel 
through  one  and  sometimes  two  adjoining  States. 
Our  highways  were  out  of  the  question  for  travel  to 
these  places.  To-day  the  roads  have  gone  through 
and  we  have  put  every  part  of  the  State  within  reach 
of  every  other  part — almost  from  sunrise  to  sunset 
over  the  State  highway  system. 

The  State  of  North  Carolina  has  taken  the  lead  in 
spindle  hours  operated  by  cotton  mills. 

The  true  value  of  our  property  has  multiplied  eight 
times  since  1900  while  the  entire  country  was  increas- 
ing the  true  value  of  property  by  four  times. 

The  question  may  arise  as  to  how  far  the  highways 
can  be  credited  with  bringing  this  about.  Let  us 
analyze  the  situation  further. 

HOW  WAS  HIGHWAY  IMPROVEMENT  ACCOMPLISHED? 

We  have  built  our  State  system  and  are  maintaining 
it  entirely  at  the  expense  of  the  road  user. 

There  is  no  State  property-  tax  for  highways.  State 
highway  moneys  come  from  three  sources — bonds, 
motor  registration  fees,  and  gas  taxes.  The  bonds 
are  issued  serially  and  are  retired  through  a  sinking 
fund  maintained  entirely  by  the  motor  taxes. 

In  1921  the  State  legislature  established  a  State 
highway  system,  6,500  miles  in  lengiii  and  tapping 
every  county  seat  and  every  town  and  city  of  im- 
portance. The  State  is  now  maintaining  6,200  miles 
of  road — all  but  some  300  miles  of  mountain  trails. 
The  roads  first  improved  were  naturally  those  between 
the  cities  because  communication  between  them  un- 
necessary before  tying  in  the  more  remote  parts  of 
the  State. 

North  Carolina  is  predominantly  agricultural,  with 
manufacturing  centered  in  the  Piedmont  section 
around  Durham,  Winston-Salem,  Greensboro,  Char- 
lotte, Gastonia,  High  Point,  and  Raleigh.  Our  high- 
way system  makes  our  industry  and  agriculture  inter- 
dependent— each  supplying  the  other.  The  lumber 
for  our  furniture  factories,  cotton  for  the  cotton  mills 
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Before  the  Roads  Were  Improved  the  Mountainous  Section  of  the  Western  Part  of  the  State  was 
a  Lost  Province.  To  Reach  It  by  Highway  was  Impossible.  To  Reach  It  by  Rail  One  Traveled 
Through  Two  Adjoining  States 


and  tobacco  for  the  great  factories  at  Durham  and 
Winston-Salem  are  produced  within  the  State  and  move 
both  by  rail  and  highway  at  the  beginning  and  end 
of  fabrication. 

INFLUENCE  OF  HIGHWAY  IMPROVEMENT  ON  AGRICULTURE 

In  1925  there  were  283,491  farms  in  North  Carolina 
with  nearly  7,000,000  acres  under  cultivation.  This 
cultivated  area  represents  about  27  per  cent  of  the  area 
in  farms  and  about  23.5  per  cent  of  the  taxed  area  of 
the  State. 

The  three  leading  money  crops — cotton,  corn,  and 
tobacco — occupied  72  per  cent  of  the  cultivated  area 
of  the  State,  and  with  grain  and  hay  constituted  92  per 
cent  of  the  cultivated  area. 

Diversification,  however,  is  becoming  more  popular 
and  improved  highways  now  make  available  the  mar- 
kets for  the  products  of  diversification.  Some  40  co- 
operative farm  marketing  associations,  mostly  organ- 
ized since  1920,  with  the  excellent  aid  and  advice  of 
the  State  department  of  agriculture  are  the  medium 
of  much  produce  selling.  With  the  exception  of  the 
farmers'  federation  at  Asheville  it  is  doubtful  if  any  of 
them  operate  their  own  trucks.  Roadside  markets  are 
fast  becoming  a  factor  in  disposing  of  farm  surplus 
products. 

William  A.  Graham,  State  Commissioner  of  Agricul- 
ture, stated: 

The  good  roads  in  this  part  of  the  State  have  made  it  possible 
to  supply  the  manufacturing  cities  from  farms  located  as  many 
as  40  miles  away  or  farther.  Prior  to  the  advent  of  good  roads 
the  farmer  who  lived  as  much  as  10  miles  from  town  rarely  took 
produce  to  market  unless  his  roads  were  in  what  he  would  call 
prime  condition,  and  then  it  took  him  an  entire  day  to  make  the 
trip. 


The  town  was  then  forced  to  get  its  supplies  from  sources  out- 
side the  State,  as  it  could  hardly  draw  on  more  than  75  square 
miles  of  territory  for  local  production.  With  the  coming  of  good 
roads  the  market  gardens  of  the  cities  have  grown  from  the 
former  area  of  50  to  75  square  miles  to  1,000  to  1,200  square 
miles  or  more.  Here  we  find  diversified  farming — cotton,  corn, 
tobacco,  potatoes,  wheat,  oats,  and  vegetables — all  growing  on 
the  same  farm  the  same  year. 

Mr.  Graham's  statement  forcefully  illustrates  the 
very  large  intrastate  movement  of  produce  from  farm 
to  city  and  of  manufactured  commodities  from  city  to 
farm  in  return,  almost  entirely  by  motor  truck. 

The  total  value  of  North  Carolina  crops  last  year 
was  $320,000,000. 


In  1911  this  Farmer  Required  Four  Horses  to  Haul  520 
Feet  of  Lumber  5  Miles.  The  Trip  Took  Half  a  Day 
and  the  Farmer  Received  for  His  Lumber  $2  a  Hundred 
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But  Now  the  Roads  Have  Gone  Through  and  Have  Put  Every  Part  of  the  State  Within  Reach  of 

Every  Other  Part — Within  a  Day's  Journey 


During  the  year  1925  North  Carolina  truckers 
shipped  to  points  out  of  the  State  15,555  carloads  and 
490,000  express  packages  of  truck,  which  brought  nearly 
$12,000,000  direct  to  the  producers. 

The  highways  have  been  the  medium  for  no  small 
amount  of  new  agricultural  tonnage  reaching  the  rails. 
This  is  particularly  true  of  poultry  and  hog  shipments. 
In  1924  we  shipped  out  of  North  Carolina  464,285 
pounds  of  poultry,  in  1925  some  750,000  pounds,  and 
in  1926  (year  ended  June  30  in  each  case)  the  total 
reached  1,900,000  pounds,  250  per  cent  more  than  the 
1924  figure. 

As  to  hogs,  in  1924  there  were  shipped  23  carloads, 
in  1925  this  increased  to  58,  and  in  1926  to  80  carloads, 
or  more  than  three  times  the  1924  figures.  Just  the 
other  days  one  of  our  State  college  men  told  of  seeing 
32  farmers  receive  a  check  for  $11,000  covering  the 
shipment  of  eight  cars  of  hogs  they  had  brought  in  to 
three  rail-shipping  points  by  motor  truck. 

Shipment  of  eggs  in  1924  totaled  6,681  cases  and 
increased  to  more  than  8,000  cases  in  1926. 

Dairying. — The  State  has  lately  turned  strongly  to 
the  possibilities  of  dairying.  It  goes  without  question 
that  highway  improvement  has  been  quite  largely 
responsible  for  getting  large  quantities  of  milk  into  our 
southern  cities.  The  larger  ones  show  an  increase  of 
250  per  cent  in  milk  consumption. 

Nine  of  the  principal  cities  of  the  State  now  pay 
farmers  of  surrounding  sections  $4,178,520  annually  for 
milk.  Incidentally,  this  supply  has  been  developed 
and  handled  almost  entirely  over  the  highway  so  that 
the  railroad  has  not  entered  as  a  competitive  transpor- 
tation factor. 

The  highways  have  assisted  in  the  establishment  of 
milk  plants.     John  Arey,  of  the  State  college,  reports 


the  establishment  of  seven  milk  plants  in  the  State 
since  1920.  There  were  bu,t  five  at  that  time.  There 
are  now  15  creameries  making  butter,  7  of  them  also 
established  since  1920,  with  others  now  under  con- 
struction. 

Some  7,500  farmers  sell  cream  to  these  establish- 
ments with  an  annual  butter  production  of  2,000,000 
pounds. 

Fruits  and  Vegetables. — The  United  States  Bureau  of 
Agricultural  Economics  reports  car-lot  shipments  of 
fruits  and  vegetables  out  of  North  Carolina  for  the 
five-year  period  1921  to  1925,  inclusive,  as  follows 
(some  of  the  smaller  lots  are  not  included,  which 
accounts  for  the  difference  between  this  total  and  one 
previously  given  for  1925): 


Car-lot  shipments  of  fruits  and  vegetables  from  North  Carolina 

Year 

Crop 

1921 

1922 

1923 

1924 

1925 

77 

128 

251 

894 

641 

445 

66 

594 

2 

03 

982 

1 

6 

1,657 

3,071 

384 
219 
213 
700 
687 
622 
326 

1,452 
5 

1,101 
721 

220 
261 

620 

718 

7  8 

.'i 

25 

1,668 

654 

433 
559 
263 

401 

714 

1,  093 

1,657 

21 

8 

2 

6C4 

6,566 

344 

371 

655 

1,562 

853 

2,024 

11 

1,634 

1, 189 

9 

993 

4,202 

3,475 

3 

991 

4,052 

Total                  

9,318 

11,634 

11,700 

16,  786 

14, 685 

There  is  of  course   evident    the  effect   of  crop  and 

market  fluctuation,  particularly  in  potatoes   in    L924, 
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but  the  sum  total  has  been  steadily  increasing.  Much 
of  this  tonnage  moved  to  rail  points  over  the  highways. 
Some,  particularly  the  potatoes,  moved  by  water  to 
rail  shipping  points.  Each  year,  however,  a  greater 
percentage  of  certain  crops  comes  by  motor  truck  from 
longer  distances  to  rail-shipping  points. 

Peaches. — The  sandhills  of  North  Carolina  pro- 
duced an  enormous  crop  of  peaches  this  year.  Un- 
fortunately the  Georgia  crop  was  a  little  late  so  that 
our  peaches  got  into  northern  markets  about  the  time 
theirs  did,  depressing  the  price  to  all  producers. 

Here  the  highways  were  of  considerable  value,  not 
so  much  in  the  car-loading  of  peaches  as  in  the  distri- 
bution of  the  surplus  throughout  the  State.  The 
truck  was  a  safety  valve,  which  handled  the  equivalent 
of  100  carloads  or  more  of  the  grades  which  could  not 
be  shipped  by  rail.  These  went  by  truck  direct  to 
home  markets.  Another  10  to  15  carloads  were 
shipped  by  rail  to  other  cities  in  the  State  and  from 
there  marketed  bv  truck. 


At  Present  Cotton  Can  be  Moved  at  Any  Time.  The 
Condition  of  the  Road  Plays  Little  Part  Except  to 
Cheapen  the  Cost  of  Hauling  the  Raw  Cotton  to  the 
Gin 

Five  years  ago  the  peach  growers  would  have  taken 
their  loss,  for  the  highways  were  not  there  to  help 
them  dispose  of  this  grade  of  peaches.  And  too,  the 
rails  did  not  lose  the  business,  because  most  of  these 
peaches  were  too  ripe  to  ship  by  rail. 

ROADSIDE    MARKETS    PROVIDE    NEW    OUTLET    FOR     DIVERSIFIED 
PRODUCTION 

At  Hot  Springs,  N.  C,  there  is  a  farm  of  4  acres  that 
two  years  ago,  prior  to  putting  through  an  improved 
road,  produced  little  more  than  enough  to  support  the 
farmer  and  his  family  who  lived  on  it.  This  year  they 
have  not  only  lived  well  on  it,  but  have  cleared  $2,20*0 
in  cash  by  marketing  at  their  front  gate  the  fruit  and 
vegetables  they  produced. 

Another  farmer,  operating  a  farm  of  200  acres  at 
Awanonoa  has  been  clearing  $25  a  day  for  the  summer 
and  fall  from  the  surplus  produced  on  his  farm,  line 
the  market  has  no  attendant  but  is  conducted  on  the 
honor  system  and  the  owner  claims  never  to  have  lost 
a  cent.  Prices  are  indicated  and  the  buyer  makes  his 
own  change. 

Another  farmer  in  Alamance  County  daily  brings  his 
cream  56  miles  into  Raleigh  and  delivers  it  to  a 
creamery . 

In  Anson  County  a  farm  woman  is  canning  goods  at 
the  farm.  She  travels  12  miles  with  a  horse  and  wagon 
over  the  improved  highway  and  sells  her  canned  goods 


at  the  curb  market  in  Wadesboro.  For  10  years  prior 
to  the  bettering  of  this  road  she  had  not  been  in  Wades- 
boro more  than  twice.  Now  with  the  first  cash  she 
has  seen  for  years,  she  is  buying  clothes  for  herself  and 
children  and  conveniences  for  the  house. 

We  have  now  29  curl)  markets  in  different  cities  at 
which  the  farmers  last  year  sold  nearly  a  quarter  of  a 
million  dollars  worth  of  surplus  produce  from  the  farm. 
Five  years  ago  there  were  only  two  or  three  of  these 
markets,  and  those  only  in  the  larger  cities. 

The  roads  around  Rocky  Mount,  N.  C,  were  im- 
proved a  little  more  than  three  years  ago.  A  curb 
market  was  established  31  months  ago  and  to  date  has 
resulted  in  the  sale  of  $32,500  worth  of  produce. 

Another  phase  of  this  curb  market  development  is 
the  growth  of  community  booths  within  them.  In  one 
of  these  booths,  one  farm  woman  sells  $10  worth  of 
cakes  a  week,  another  has  cleared  $150  this  year  on 
canned  soup  mixtures,  while  still  another  has  made 
$520  from  her  garden  and  chickens. 

Not  the  least  of  the  advantages  of  these  markets  has 
been  the  social  contact  between  the  city  and  farm. 
Each  has  learned  what  the  other  is  doing.  The  farm 
women  use  the  receipts  from  their  produce  sales  to  buy 
conveniences  for  the  farm  home — clothing,  books — 
everything  they  have  wanted  but  could  not  get  before 
lor  lack  of  funds.  Incidentally,  all  these  purchases 
make  increased  business  for  the  railroads,  waterways, 
and  highways. 

HIGHWAY  SERVICE  AND  THE  COTTON  AND  TOBACCO  INDUSTRIES 

Cotton. — Just  now  we  are  faced  with  an  over-produc- 
tion  of  cotton  with  attendent  ill  effects.  The  doctrine 
of  diversification  is  being  advocated.  Our  cotton 
fields  are  small  and  the  soil  is  adaptable  to  other 
products  so  that  we  have  all  conditions  favorable  to 
production.  Marketing  facilities  exist  in  the  cooper- 
ative associations  holding  out  the  buying  power  of 
distant  markets;  near-by  cities  have  their  curb  markets 
and  the  highways  are  at  hand  over  which  both  can  be 
reached. 

At  present  cotton  can  be  moved  at  any  time.  The 
condition  of  the  road  plays  little  part  except  to  cheapen 
the  cost  of  hauling  the  raw  cotton  to  the  gin. 

Tobacco. — The  chief  influence  of  the  improved  high- 
way on  the  tobacco  grower  has  been  to  change  his 
marketing  processes.  Prior  to  this  development  there 
were  usually  one  or  two  small  tobacco  warehouses  in 
each  marketing  town.  The  tobacco  grower  came  to 
these*  with  his  crop,  taking  all  of  one  day  with  his 
mule  and  wagon  to  get  there.  The  next  day  was  spent 
in  arranging  the  tobacco  in  baskets,  grading  and  sorting 
it  on  the  warehouse  floor  and  closing  sales  with  the 
buyers  who  visited  these  towns.  The  warehousemen 
cleared  all  sales  and  were  therefore  the  commission 
merchants. 

The  grower  now  loads  his  truck  at  sunrise,  travels  up 
to  40  or  50  miles,  puts  his  product  on  the  warehouse 
floor,  sells  it  and  is  back  home  again  the  same  day. 
The  process  of  marketing  is  shortened  and  cheapened; 
fewer  buyers  are  required;  the  grower  is  always  sure 
of  a  market  at  the  larger  point  at  any  time  he  chooses 
to  go;  and  he  gets  a  better  price  for  his  product. 

The  industries  of  the  State  use  rail  transportation 
predominantly.  They  do,  however,  make  frequent  and 
necessary  use  of  the  highways. 

One  instance  shows  the  service  the  highways  rendered 
one   cotton   mill   company,    where   the   rail   haul   was 
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circuitous  and  a  delivery  point  a  half  mile  from  the 
railroad  was  involved. 

In  May  this  year  a  manufacturing  company  at 
Concord,  N.  C,  bought  100  looms  from  a  firm  at 
Newton,  N.  C.  The  distance  is  65  miles  by  highway 
and  about  72  by  rail. 

The  manufacturing  company  contracted  with  a 
trucker  for  $650  to  take  the  looms  from  Newton  to 
Concord,  handling  five  every  12  hours  and  working 
night  and  day. 

To  ship  by  rail  it  would  have  been  necessary  to  ship 
the  looms  single  deck  for  lack  of  skilled  labor  to  store 
them  double  deck.  The  freight  charges  between  the 
two  points  on  this  basis  were  $515,  plus  $300  for  labor 
and  ducking  from  the  station  at  the  other  end 
of  the  haul  to  the  plant  half  a  mile  away,  plus  certain 
unknown  charges  for  blocking  the  looms  in  the  cars. 


picked  up  by  motor  express  that  afternoon  40  miles 
away  and  delivered  to  the  factory  the  next  morning 
By  that  afternoon  the  order  received  30  hours  before 
was  on  the  railroad  loading  platform. 

One  other  service  is  given  the  mills  by  the  highway 
and  motor  transport.  This  additional  transportation 
is  a  guarantee  against  mill  shutdowns  or  delays  infilling 
orders  due  to  uncertain  or  undependable  rail  service" 
car  shortage,  etc.  Cotton  warehouses  maintain  their 
own  trucks  and  when  a  mill  needs  raw  cotton  urgently 
it  is  sent  by  motor  truck.  It  costs  mor<  to  send  il  that 
way,  but  this  cost  is  offset  by  the  mill's  ability  to  keep 
running  and  meet  consumer  demands  on  it. 

Cottonseed  oil. — The  cotton  gins  are  usually  locale, I 
near  the  fields  and  several  of  them  will  supply  oni  oil 
mill  with  seeds.  Formerly  the  seeds  were  hauled  to  a 
rail  siding  or  into  town  to  the  rail  freight  station  when 


The  Nttmbek  of  Farms  has  Increased  by  13,000  D 

(  ioUNTRY 

The  two  wState  highways  and  one  county  highway 
involved  in  the  movement  by  truck  were  thus  worth 
$165  to  the  manufacturing  company  in  this  one 
instance  alone. 

Most  of  the  raw  materials  come  to  the  cotton  mills 
by  rail  and  most  of  their  finished  products  go  out  by 
rail.  The  highway,  however,  permits  them  to  draw- 
on  a  wider  supply  of  labor,  principally  from  the  farm. 

The  truck  line  past  the  door  is  a  guarantee  against 
delays  in  productions  and  shipment.  A  telephone  call 
to  a  near-by  city,  perhaps  40  to  50  miles  away,  for  1O0 
feet  of  lea tiier  belting  or  a  few  feet  of  pipe  with  orders 
to  deliver  to  the  truck  line  and  the  needed  supplies  are 
in  the  factory  a  few  hours  later. 

The  other  day  a  mill  received  an  order  for  immediate 
delivery  of  goods  to  be  shipped  in  boxes  of  unusual 
size.  None  was  on  hand.  Time  did  not  permit  of 
ordering  for  rail  shipment.  The  order  for  the  box 
shooks    was    placed    by    telephone;  the    shooks    were 


i  him;  a  Period  when  the  Number  Fell  Off 
as  a  Whole 
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the  gin  itself  was  not  on  a  siding.  Now  it  is  not  infre- 
quent to  haul  the  seeds  by  truck  direct  from  the  gin  to 
the  cottonseed  oil  mill,  thereby  avoiding  extra  handling 
delays,  etc. 

Furniture. — The  center  of  the  furniture  industry  i>  at 
High  Point  and  is  served  almost  entirely  by  rail,  both 
as  to  raw  materials  and  finished  product.  One  excep- 
tion is  worthy  of  note.  At  Asheboro  and  Thomasvifle 
in  particular  (near-by  towns)  many  split,cane-bottom 
chairs  are  made.  The  cane  hot  touts  arc  sent  out  as 
piece  work  by  truck  to  farms  and  residences  in  the 
neighboring  sections.  As  the  work  is  completed  the 
bottoms  are  gathered  by  truck,  carried  hack  into  town 
for  assembling  and  rail  shipment  from  there  to  market. 

INFLUENCE  OK  HIOHW  \Y  IMPROVEMENT  ON  CITIES 

The  smaller  cities  m  particular  have  fell  the  impulse 
to  growth  called  forth  by  the  improving  of  the  high- 
ways connecting  them  with  larger  and  mor<  ssive 
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cities.  Now  nearly  all  of  them  have  new  hotels,  new 
business  houses,  municipal  office  buildings,  paved 
streets,  and  better  homes.  Some  of  the  larger  cities 
show  this  growth  more  specifically. 

Raleigh  is  now  the  trading  center  for  172,000  per- 
sons, 31,000  of  these  within  the  corporate  limits  and 
the  balance  within  an  area  of  25  square  miles.  The 
city's  population  has  increased  from  24,418  in  1920  to 
31,000  as  of  July  1,  1926.  Building  permits  have  in- 
creased from  $862,322  in  1920  to  $3,502,011  in  1925. 
There  has  been  $17,000,000  worth  of  building  in  the 
last  five  years  with  the  total  assessed  valuation  for  the 
city  in  1926  given  as  $45,000,000. 

The  relation  of  highway  to  rail  during  this  period  is 
shown  by  a  statement  from  Plate  Collins,  secretary  of 
the  Kinston  Chamber  of  Commerce,  October  23 : 

Volume  of  shipments  by  rail  has  increased  20  per  cent  since 
1923  in  spite  of  the  fact  that  a  big  part  of  short-haul  freight 
formerly  handled  by  the  railroad  now  goes  by  trucks. 


mm 


The  Use  of  Busses  has  Caused  the  Suspension  of  Some 
Local  Train  Service  but  has  Not  Materially  Affected 
the  Number  of  Through  Passengers  Carried  by  the 
Rail  Lines 

The  Goldsboro  Chamber  of  Commerce  estimates 
"increase  in  business  25  per  cent  caused  more  and 
better  homes  both  in  city  and  country,  increase  in 
both  mercantile  and  factory  buildings." 

From  William  T.  Ritter,  secretary  of  the  Winston- 
Salem  Chamber  of  Commerce,  comes  the  following: 

Our  retailers  report  a  65  per  cent  greater  purchasing  power 
per  capita  in  our  trade  territory.  The  property  valuation  in 
our  county  has  increased  over  $30,000,000  since  1921,  and  some 
$2,000,000  worth  of  homes  are  being  erected  by  our  citizens  on 
areas  located  on  the  main  highways  serving  this  city.  The 
outputs  of  our  industries  as  well  as  agricultural  areas  have  shown 
tremendous  increases  since  1921,  and  there  is  no  gainsaying  but 
that  the  State's  highway  program  is  responsible  in  no  small 
measure  for  this  increased  prosperity. 

John  D.  Topping  reports  from  Asheville,  one  of  the 
resort  centers  of  the  State,  for  the  past  eight  months 
of  1926  as  compared  with  the  same  period  for  1925: 

The  dollar  volume  of  business  shows  45  per  cent  increase  over 
1925 — 204  per  cent  increase  over  1919.  The  following  figures 
show  increases  in  1926  over  1925:  Bank  deposits,  26  per  cent; 
post  office,  22  per  cent;  building  permits,  42  per  cent.  Seven 
hundred  residences  inside  the  city  and  an  equal  number  outside 
being  built.     Number  of  visitors  increased  25  per  cent. 

The  secretary  of  the  Greensboro  Chamber  of  Com- 
merce, says  of  Greensboro  that  it  is  to-day,  "the 
natural  traveling  center  for  1,500  salesmen  and  agents 


because  of  accessibility  over  good  roads.  This  and 
other  factors  have  created  a  demand  for  homes  and 
other  facilities  costing  more  than  $25,000,000  as 
represented  by  the  volume  of  building  permits  in  the 
last  six  years.  Good  roads  have  widened  our  retail- 
trade  territory  to  an  irregular  area  extending  from 
15  to  50  miles  and  has  put  more  than  half  a  million 
people  within  one  hour  of  the  city." 

All  this  increased  consumer  demand  has,  of  course, 
been  beneficial  to  rails,  manufacturers  and  wholesalers 
and  retailers  alike.  We  have,  however,  developed 
new  methods  of  distribution,  particularly  in  the  short 
haul. 

In  the  eastern  part  of  the  State  a  distributing  com- 
pany operates  an  extensive  motor-truck  service  in  put- 
ting its  staple  and  perishable  groceries  in  the  retail 
markets. 

At  Charlotte,  N.  C,  a  chain-stores  company  distrib- 
utes daily  from  its  warehouses  to  its  retail  stores  in 
North  Carolina  and  South  Carolina.  It  is  said  that 
the  equivalent  of  6  or  7  carloads  of  groceries  is  delivered 
in  this  manner  under  contract  with  a  motor-truck 
operating  concern. 

MOTOR  VEHICLE  REGISTRATION 

The  registration  of  passenger  automobiles  was 
127,405  in  1920  and  is  to-day  338,192,  an  increase  of 
265  per  cent  over  1920. 

The  State  has  registered  now  33,161  trucks  against 
13,455  in  1920,  an  increase  over  that  year  of  247  per 
cent. 

On  July  1,  this  year,  these  vehicles  had  paid  registra- 
tion fees  for  the  last  fiscal  year  amounting  to  $8,630,754 
and  $6,898,548;  in  gasoline  taxes,  a  total  of  $15,529,302 
for  the  fiscal  year  ended  June  30,  1926. 

The  highway  system  of  the  State  was  built  primarily 
to  meet  the  demand  of  the  passenger  vehicles  for  a 
better  roadbed  over  which  to  operate.  With  the 
improvement  of  the  roads,  however,  there  has  de- 
veloped an  economic  dollars-and-cents  return  in  com- 
mercial ,  motor  transportation.  To  the  individual 
passenger-car  operator  there  is  a  return  of  lower 
operating  expenses,  shorter  time  involved  in  trips,  etc. 

Potatoes  and  sweet  potatoes  are  handled  by  boat 
and  highway  to  the  rail  connection  and  thence  to 
market  by  the  rail  line  from  the  eastern  part  of  the 
State. 

Imports  totaling  nearly  $14,000,000  came  through 
the  port  of  Wilmington  last  year,  and  were  distributed 
to  Carolina  markets  by  rail  and  motor. 

From  4  to  5  tons  of  fish  are  hauled  daily  by  motor 
truck  from  Morehead  City  and  other  ports  to  points 
as  far  inland  as  200  miles.  Here  the  movement  was 
formerly  by  express  so  that  the  highway  has  replaced 
the  rail  in  distribution  of  fish  from  this  point. 

At  New  Bern,  a  packet  company  brings  in  sugar 
which  requires  the  services  of  several  trucks  daily 
to  distribute  throughout  the  State. 

RELATION  OF  HIGHWAYS  TO  RAILROADS 

The  year-round  resorts  of  'North  Carolina  have 
attracted  a  tremendous  number  of  tourist  visitors  from 
all  parts  of  the  country.  Pinehurst  has  almost  an 
entirely  rail  movement  of  visitors.  Golf,  tennis, 
horseback  riding,  motoring,  and  particularly  our 
mountain  air  are  just  as  much  salable  commodities 
as  our  cotton  and  tobacco. 
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Golf,  Tennis,  Horseback  Riding,  Motoring,  and  Particularly  Our  Mountain  Air  are  Just  as  Much 

Salable  Commodities  as  Cotton  and  Tobacco 


Hotels  have  sprung  up  rapidly  in  all  our  cities  and 
resort  centers  to  care  for  these  visitors  and  the  farmers 
in  the  surrounding  country  are  turning  to  truck  produce 
to  feed  them. 

Some  local  train  service  has  been  reduced,  yet  in  a 
survey  of  passengers  carried  by  bus  over  a  seven-day 
period,  parallel  to  a  rail  line  with  excellent  through 
service  over  a  distance  of  90  miles,  the  corporation 
commission  found  that  the  busses  carried  only  234 
through  passengers  out  of  a  total  6,115  handled  between 
terminals  in  that  period. 

Many  of  our  rail  connections  have  been  circuitous 
and  the  automobile  and  bus  were  substituted  imme- 
diately, the  highways  permitted.  For  example,  from 
Charlotte  to  Asheville  (two  of  the  largest  cities  in  the 
State)  is  a  distance  of  120  miles  by  an  improved  road 
completed  in  1923.  To  reach  Asheville  by  railroad 
from  Charlotte  one  must  go  through  the  States  of 
Georgia  and  North  Carolina  via  Spartanburg,  S.  C, 
a  distance  of  240  miles. 

Williamston  and  Windsor  are  two  towns  of  1,800 
and  1,200  population,  respectively.  They  are  12 
miles  apart  and  separated  by  the  Roanoke  River. 
Prior  to  the  completion  of  a  bridge  and  improvement 
of  the  road  between  them  in  1922,  it  required  24  hours 
to  go  from  one  town  to  the  other.  Now,  the  trip  is 
usually  made  in  as  many  minutes. 

Unquestionably  the  passenger  car  and  improved 
highways  have  greatly  stimulated  the  traveling  habit. 
Many  people  who  formerly  traveled  by  local  train 
now  have  their  own  cars.  Many  who  have  tasted 
travel  in  their  own  cars  try  the  longer  distances  by  rail. 


Unquestionably  most  of  the  rail  loss  of  passenger 
business  has  been  in  locak  business  which  has  gone  to 
the  private  automobile.  We  may  well  give  attention 
to  the  question  of  substituting  the  bus  for  the  local 
passenger  train.  In  many  cases  this  would  relieve 
such  lines  of  undue  burdens  in  providing  service  for 
the  small  percentage  of  such  business  remaining. 

Two  other  cities,  Moorehead  City  and  Beaufort  are 
just  2}/2  miles  apart — separated  by  an  arm  of  Bogue 
Sound,  yet  the  shortest  highway  connection  is  45 
miles.  A  rail  line  now  connects  the  two,  but  the 
upkeep  of  the  trestles  which  must  be  replaced  very 
frequently  because  of  destruction  by  the  sea-water 
pests  is  understood  to  cost  more  than  the  revenue 
derived  from  the  operation.  A  highway  bridge  three- 
fifths  of  a  mile  long,  with  highway  connections  is  now 
being  extended  from  Moorehead  City  to  Beaufort. 
Undoubtedly  all  freight  and  passengers  could  here 
more  economically  be  transferred  to  the  highway. 

Comparative  figures  for  1922  and  1925  are  available 
from  the  State  corporation  commission  records  on 
some  phases  of  the  rail  freight  business  handled  within 
the  State. 

Comparative  figures  for  three  important  trunk 
lines — the  Atlantic  Coast  Line,  Southern,  and  Norfolk 
&  Western — for  the  years  1922  and  1925  show  the 
tonnage  originated  on  those  lines  within  the  State. 
Unfortunately  the  information  is  not  available  in  a 
comparative  way  for  years  prior  to  the  highway  im- 
provement begun  in  1921.  If  it  were  •<  is  certain  the 
increase  in  tonnage  originated  would  be  even  more 
striking;. 


184 


PUBLIC   EOADS 


Vol.  7,  No.  9,  November,  1920 


Tonnage  originated  within  the  State 


Carload  of— 


1922 


Products  of  agriculture 

Animals  arid  products 

Products  of  mines 

Products  of  forests _. 

Manufactures  and  miscellaneous. 


Total  carload. 
Less  .than  carload... 


Grand  total. 


Tons 

543, 680 
32, 035 

50\,411 
1,  683, 072 
1,  251,  534 

4,011,732 
686, 145 


1925 


Tons 
603, 388 
46,640 

c.'.is.  :sx 
1.  750,  710 
1, 476,  724 


4,  097,  877         5,  259,  656 


As  will  be  noted  the  1925  carload  figures  show  an 
increase  of  564,518  tons  over  1922,  or  14  per  cent 
increase  in  carload  tonnage  originated  in  the  State. 

The  less-than-carload  situation  showed  a  loss  of  less- 
than-carload  tonnage  originated  by  the  Atlantic  Coast 
Line,  but  an  increase  for  both  the  Southern  and  Nor- 
folk &  Western,  the  total  not  quite  offset,  however,  by 
the  loss  sustained  by  the  Atlantic  Coast  Line. 

Beginning  with  1921  our  program  of  highway  con- 
struction involved  extensive  rail  hauling  of  cement, 
sand,  and  gravel.  Also  a  tremendous  tonnage  of  auto- 
mobiles has  been  handled  by  these  rail  lines  not  alone 
in  North  Carolina  but  in  the  entire  South. 

Here  again  it  is  unfortunate  that  the  figures  can  not 
be  obtained  for  years  prior  to  1921,  but  as  they  stand 
they  are  illuminating  as  to  the  increased  rail  tonnage 
from  these  sources.  The  same  three  railroads  are  used; 
figures  are  given  in  tons  of  2,000  pounds  and  do  not 
include  cement  tonnage. 


Tonnage  originated  |    Received  from  con- 
within  the  State  necting  carriers 


1922 

1925 

1922 

1925 

Stone,  gravel,  and  sand 

Tons 
451,208 

Tons 

667, 140 

16,  992 

Tons 
1, 129, 147 
42, 307 

Tons 
1,466,826 

Automobiles  and  auto  trucks 

1,065 

100, 736 

The  tonnage  of  stone,  sand,  and  gravel  originated 
within  the  State  showed  an  increase  in  1925  over  1922 
of  215,932  tons  or  nearly  48  per  cent  whereas  the  ton- 
nage received  from  connecting  carriers  increased  nearly 
30  per  cent. 

Tonnage  of  motor  vehicles  originated  in  the  State  is 
rather  insignificant  because  so  few  vehicles  are  made 
there.  The  tonnage  received  from  connecting  carriers, 
however,  increased  138  per  cent.  In  both  instances, 
although  the  percentage  of  increase  is  important  the 
volume  of  this  kind  of  business  is  the  more  significant 
item. 

Movement  of  all  kinds  of  freight  within  the  State, 
both  intrastate  and  interstate,  is  given  below.  The 
figures  for  only  three  roads  were  comparable  for  the 
years  1922  and  1925.  Here  again  it  is  not  possible  to 
determine  the  percentage  moving  from  outside  points 
into  North  Carolina  and  from  points  in  North  Caro- 
lina to  interstate  destinations.  The  figures  are  in 
tons  and  are  given  for  the  Atlantic  Coast  Line,  the 
Southern,  and  the  Carolina,  Clinchfield  &  Ohio. 


1922 

1925 

Carload  freight... 

Tons 

20, 657, 105 

1, 635, 168 

Tons 

24  861  S28 

Less-than-carload  freight 

1, 763, 373 

22, 292, 273 

26, 625,  201 

Many  People  Who  Formerly  Traveled  by  Local  Train 
now  have  Their  Own  Cars.  Unquestionably  the  Im- 
proved Roads  have  Stimulated  the  Traveling  Habit 

They  cover  all  freight  handled  by  these  lines  in  the 
State  of  North  Carolina,  whether  originating  on  these 
lines,  part  of  interstate  shipments  from  and  to  North 
Carolina  points,  or  simply  a  trans-State  movement. 

ELECTRIC  AND  SHORT  LINE  RAILROADS 

Justjis  the  State  reached  a  point  of  progress  which 
attracted  capital  to  project  electric  interurban  lines 
the  automobile  came  into  prominence  followed  by  the 
demand  for  road  improvement.  As  a  result  these 
projects  did  not  go  beyond  paper  or  in  some  instances 
the  surveying.  As  a  result  we  are  to-day  not  faced  with 
the  problems  in  this  respect  that  many  States  are. 

Many  of  the  branch  steam  lines  and  short-line  steam 
railroads  have  served  their  purpose.  People  seem  to 
prefer  travel  on  the  highway  in  their  own  cars  and 
using  their  own  trucks.  It  is  time  we  recognized  this 
and  educated  public  opinion  to  the  economic  waste  in 
forcing  these  lines  to  continue  operations  at  a  loss  when 
the  same  public  after  voting  to  force  continued  opera- 
tions, refuses  to  patronize  the  roads.  The  public 
must  choose  which  type  of  transportation  it  wants  and 
if  the  choice  favors  the  highway  there  must  be  a  closer 
coordination  of  rail  and  highway  service. 

(continued  on  p.  189.) 


AN  UNUSUAL  CONSTRUCTION  RECORD 

STOP-WATCH  RECORDS  ON  MISSOURI  CONCRETE  PAVING  CONTRACT  SHOW  EFFICIENCY  ABOVE  90 

PER  CENT 


Reported  by  C.  F.  ROGERS,  United  States  Bureau  of  Public  Roads 


During  the  1925  construction  season  the  Ross  Con- 
struction Co.,  of  Kansas  City,  Mo.,  Henry  Kleifeld 
superintendent,  completed  a  concrete  paving  job  in 
Lafayette  County,  Mo.,  on  which  the  standard  of 
efficiency  was  so  high  that  the  results  obtained  deserve 
the  acknowledgment  of  the  widest  possible  publicity. 
One  5-bag  mixer  was  used  on  this  work.  The  batch 
was  a  standard  5-bag  batch  of  the  standard  proportion 
of  1  :  2  :  33^2-  The  pavement  section  was  the  standard 
Missouri  Maricopa  section  with  dimensions  of  9  by  6 
by  9  inches. 

During  the  full  construction  season  a  little  over  24 
miles  of  pavement  were  laid,  not  quite  all  of  it  on  this 
project.  At  no  time  was  more  than  one  mixer  used, 
although  the  company  had  an  extra  mixer  available 
which  was  used  as  stand-by  equipment.  The  records 
obtained  by  the  Bureau  of  Public  Roads  do  not  cover 
the  full  year's  work,  which  was  continued  for  something 
more  than  a  month  beyond  the  period  for  which  the 
record  was  kept.  However,  the  balance  of  the  record 
would  add  little  or  nothing  in  the  way  of  information 
to  what  is  here  given. 

Table  1. — Daily  record  of  concrete  road  construction  on  Missouri 
Federal-aid  project  228 


Section 

Date 

(1925) 

Hours  of 
work 

F -... 

Apr.  22 

5 

23 

10 

24-25 

Idle. 

26 

10 

27-28 

Idle. 

29 

4 

30 

10 

Average 

Length  of  length  of 
pavement  pavement 
laid         laid  per 
hour 


Weather  ami  remarks 


Total  for  month 


39 


Feet  Feet 

381   i  Fair  and  warm. 

877   _- Cool  and  cloud v.- 

...I  Rain. 

883   Fairandcool. 

Rain. 

315   ...    Stop,  40-mile  wind. 

909  ...   .   Fair  and  cool. 


3,365 


86.3 


E  and  F. 
F 


'  May    1  I 
2 
3 
4 

o 


9-10 
11 
12 

13-14 
15 

16-17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30  and  31 


10 

10     ; 
10 
10 

mi 

10 

5 

Idle. 
10 


Idle. 

5 
Idle. 

5 
10 


1,006  .....  Fair  and  warm. 

1,005    Do. 

978    Do. 

1,003  j Cool  and  cloud> . 

1,034    ..  Fairandcool. 

965  '..      Cool  and  cloudy 

491    _.     Rain  in  morning. 

494  [..        .  ....  Rain  in  afternoon. 

Rain. 


991 


392 


Total  for  month 


June    1 
2-3 

4 
5 
6 

7 


Fair  and  cool. 

Move  to  section  E. 

Rain. 

Rain  in  afternoon. 

Rain. 

434  L  -    Wet  subgrade,  morning. 

997  j.  -    Fair  and  cool. 

Fair  and  warm. 
Do. 
Do. 

Cool  and  cloudy. 

Stockpile  low. 

Fair  and  cool. 

Fair  and  warm . 

Cool  and  cloudy. 

Cloudy,  4.30  rain. 

Connecting  slab. 

Move  to  section  D. 


Cloudy,  warm,  rain 
Wet  subgrade. 
Fair  and  warm. 

Do. 
Fair  and  hot. 

Do. 

Do. 
Bridge  approach, 

Do. 
Fair  and  warm. 
Rain  in  afternoon 


11 

10 

n 

Idle.    . 
10!  i 
10 

1,104 
1,027 
1,000 
1,102 

1,072 

1,015 

968 

835 

46 

10 

1 

183>2 

17, 959 

97.8 

1 
Idle.   . 

5 
10 
10 
10 
10 
10 
10 

\m\ 

56 

345 

840 
884 
894 
914 
883 
696 
1,066 
542 

Table  1 — Daily  record  of  concrete  road  construction  on  M 
Federal-aid  project  228 — Continued 


D 


Date 

(1925) 


June  13 
II 
15 
16-19 
20 
21 
22 
23 
21 

26 

27 
28 
29 

30 


Average 
Horns  of  Length  of  i  length  of 


work 


Total  for  month. 


July 


Dand  E._. 


E  and  F. . 
F 


31 


Total  for  month' 


B  and  C 
C 


Aug 


1 

2 
3 
4 
5 
6 
7 

9 

10-13 
14 
15 
16 
17 
18 
19 

20-21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Total  for  month 


Sept.  1 
2 
3 


6-7 
8 
9 


Idle 

10 

in 
Idle 

10 
in', 
1 
Idle 


pavement  pavement 
laid         laid  per 
hour 


Feet 


989 
952 


1,038 
360 


1(1 

111'., 

10 

[die.    _ 

1X3 


654 
1,024 
1,040 
1,031 

834 


1, 027 


1(1 
10 

10', 

[die. 
WlA 

HI' a 
10 

'I 
10 
10 

9 

2 
Idle. 
10 
10 
III 
10 


17,033 


887 

953 

1,003 


1,045 
1,060 
1,012 
863 
955 
782 
848 
155 


19 

[die. 

20 

M 

21 

5 

22 

in' . 

23 

10 

24 

10,'  2 

25 

9 

26 

Idle. 

27 

10 

28 

10'.. 

29 

4 

30 

9 

856 
913 

900 
979 


94 

469n 

1,060 

1,015 

1,050 


932 
1.048 
335 
906 
635 


228M       21,551 


10 
10 

5 

WA 
ioh 

10 

5K2 

u% 


H»4 

10M 
Idle. 
in', 
10J- 
ldle. 
10' 
10!  • 
10! , 
10J4 

10',, 

\va 

in', 

10K 
VA 

10H 


972 
990 
503 
,057 

.OSS 

,  000 

499 
,151 
614 


400 
,129 
907 


980 


234J4       22,533 


in', 

10', 

10 

10H 

Idle. 
9 

10:'., 


1,002 


934 
1,064 


863 
1,073 


Feet 


3.0 


95.6 


95.9 


Weather  and  remarks 


Wet  subgrade 

Fair  and  warm. 

Fair  and  hot . 

Rain  and  wet  subgrade. 

Fair  and  hot 

Do. 
Rain  in  afternoon. 
Wet  subgrade 
Rain. 

Fair  and  cool. 
Fair  and  warm . 

Do. 

Do 
Rain. 
Fail  and  warm. 


I-  in  and  hot. 

Do. 

Do. 
Rain  and  wet  subgrade. 
Fair  and  warm. 
Fair  and  hot . 

Do. 

Do. 

Do. 
Bridge  approach. 
Rain,  5  p.  m. 
Rain,  9.30  a.  m. 
Wet  subgrade. 
Heavy  subgradi 
Fair  and  warm. 

Do. 

Do. 
Low  water  supplj . 
Rain,  10  a.  in. 
Wet  subgrade,  morning. 
Fair  and  warm. 

Do. 

Do. 
Cloudy  and  cool. 
Rain. 
Fair  and  warm. 

Do. 
Move  to  section  F. 
Rain. 
Wet  subgrade,  mot 


Fair  and  warm. 

Do. 
Cement  low. 
Fair  and  warm. 

Do. 

Do. 
Rain  in  morning. 
Fair  and  warm. 
Move  to  section  B. 

Do. 
Fair  and  warm. 

Do. 

Do. 
Rain. 
Fair  and  warm. 

Do. 
Rain  and  wet  subgrade. 
Fair  and  warm. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Move  loader. 
Fair  and  warm. 


Do. 

Do. 

Do. 

no. 

Do. 
Rain  anil  wel 
Fair  and  warm. 

Do. 

185 


186 
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Table   1. — Daily  record  of  concrete  road  construction  on  Missouri 
Federal-aid  project  228 — Continued 


Section 

Date 

(1925) 

Sept    10 
11-13 
14 
15 
16 
17 
18 

or  month 

Hours  of 
work 

Length  of 

pavement 

laid 

Average 

length  of 

pavement 

laid  per 

hour 

Weather  and  remarks 

c 

7 
Idle. 

5 

10', 

11W 

10 
10 

Feet 
651 

Feet 

Cloudy,  rain. 

Rain. 

Rain,  afternoon. 

Fair  and  warm. 

Do. 

Do. 

Do. 

443 

1,038 

1,110 

978 

834 

C  and  D 

Total 

1255a 

11,976 

95.2 

Total 

994K 

94,  417 

Average. 94.94  feet  per  hour  for  994J4  hours. 


Table  1  shows  the  number  of  hours,  of  work  each  day, 
the  number  of  lineal  feet  of  pavement  laid,  and  the 
reasons  for  such  delays  as  were  encountered.  The 
table  also  shows  the  total  number  of  days  of  work,  the 
total  number  of  feet  laid,  and  the  average  number  of 
feet  laid  per  hour  for  each  month  and  for  the  whole 
period.  The  record  of  94.94  feet  laid  per  hour  for  994 
hours  of  operation  with  42.2  batches  per  hour  for  every 
hour  worked  is  the  highest  production  that  bureau 
representatives  have  ever  found. 

Table  2  is  a  stop-watch  analysis  of  a  perfect  hour's 
operation — the  only  one  ever  encountered  in  a  good 
many  hundred  hours  of  stop-watch  readings  on  mixer 
operation.  Table  3  gives  the  stop-watch  readings  on 
an  ordinary  hour's  production;  and  Table  4  gives  the 
summary  of  seven  successive  studies  made  on  this  job 
and  indicates  the  efficiency  maintained  during  ordi- 
nary operation. 

Table   2. -^Slop-watch  study   of  a   perfect   liour's   operation   on 
concrete    pavement   construction,    Missouri    Federal-aid   project 

228  l 


Batch  No. 


9.. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18 

19 

'jn 

21. 

22 

23 

24. 

25. 

26. 


Mixing  time 

( iharge 

Mix 

Dis- 
charge 

Min- 

Min- 

Min- 

utes 

utes 

utes 

0.16 

1.04 

0.06 

.16 

1.04 

.06 

.16 

1.05 

.06 

.16 

1.02 

.04 

.16 

1.04 

.04 

.in 

1.01 

ii:, 

.16 

1.05 

.03 

.16 

1.02 

.05 

,16 

1.03 

.06 

.Hi 

1.04 

.03 

.16 

1.04 

.06 

.16 

1.03 

.04 

.16 

1.04 

.06 

.16 

1.02 

.04 

.16 

1.04 

.06 

.16 

1.02 

.09 

.16 

1.04 

.05 

.16 

1.02 

.05 

.16 

1.04 

.05 

.16 

1.04 

.04 

.16 

1,04 

.05 

.16 

1.04 

.04 

.16 

1.01 

.04 

.16 

1.05 

.05 

.16 

1.03 

.04 

.16 

1.05 

.05 

Batch  No. 


Mixing  time 


Total... 

Average 

Percentage. .. 


Charge 


Min- 
utes 
0. 10 
.16 
.  16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 


Mix 


Min- 
utes 
1.03 
1.02 
1.04 
1.04 
1.04 
1.06 
1.03 
1.02 
1.04 
1.03 
1.06 
1,05 
1.03 
1.03 
1.03 
1.06 
1.04 
1.04 
1.03 
1.04 
1.05 
1.06 


49.79 
1.04 
83 


Dis- 
charge 


Min- 
utes 
0.06 
.04 
.04 
.06 
.08 
.01 
.06 
.06 
.05 
.04 
.05 
.07 
.05 
.05 
.06 
.06 
.08 
.04 
.04 
.07 
.05 
.09 


2.53 
.05 
4 


organized  and  energetically  administered  It  may  be 
of  interest  to  add  that  while  the  stop-watch  studies 
reported  in  Tables  2  and  3  were  taken  by  representatives 
of  the  Bureau  of  Public  Roads,  the  use  of  the  stop 
watch  was  not  new  to  the  superintendent  of  this  job 
and  the  studies  revealed  nothing  that  he  had  not  learned 
before  the  bureau's  representatives  arrived.  The  job 
was  not  only  well  organized  but  its  organization  was 
based  on  a  thoroughgoing  conception  of  the  principles 
of  scientific  management,  which  have  been  discussed 
in  previous  articles  on  concrete  construction  work 
published  in  Public  Roads. 

Table  3. — Stop-watch  study  of  an  ordinary  hour's  operation  on 
concrete  pavement  construction,  Missouri  Federal-aid  project 
228 


Mixing  time 

Lost  time 

Batch  No. 

Charge 

Mix 

Dis- 
charge 

Mixer 
trouble 

Trur-k 
shortage 

Water- 
supply 
trouble 

1. 

Minutes 
0.16 
.16 
.16 
.16 
.  16 
.16 
.16 
.  16 
.16 
.  16 
.16 
.16 
.16 
.16 
.  16 
.16 
.16 
.16 
.16 
.16 
.16 
.  16 
.16 
.16 
.16 
.  16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 

Minutes 
1.03 
1.07 
1.02 
1.05 
1.03 
1.01 
1.02 
1.05 
1.03 

.96 
1.01 
1.02 
1.02 
1.00 
1.04 
1.03 
1.01 

.96 
1.03 
1.04 
1.01 
1.01 
1.04 
1.1).-, 
1.01 

.97 
1.01 
1.00 
1.03 

.96 
1.05 
1.06 
1.00 
1.01 
1.03 
1.02 
1.05 
1.06 
1.06 
1.07 
1.04 
1.06 
1 .  114 
1.02 
1.02 

Minutes 
0.10 
.08 
.06 
.117 
.08 
.10 
.06 
.  10 
.07 
.06 
.06 
.06 
.07 
.03 
.05 
.06 
.04 
.05 
.07 
.07 
.06 
.05 
.10 
.06 
.06 
.05 
.07 
.07 
.07 
.08 
.10 
.04 
.05 
.08 
.10 
.10 
.10 
.10 
.08 
.07 
.07 
.10 
.09 
.06 
.10 

Minutes 

Minutes 

Minutes 

2 

3 

4 

e      

.08 

8 

.02 

9 

10 

11     

12 

13 

14     

15 

16 

17... 

18 

19 

20 . 

21 

22 

23 _ 

1.86 

24 

25 

26 

27 

28 

29 

30 

31. 

.10 

32 

33 

34     

35 

.04 
.06 

36 

37 

1.24 

38 

39. 

40 

41... 

42     

.10 

43.. 

II      

■15  _ 

* 

Total 

7.20 

.  16 

12 

46.  11 
1.02 

77 

3.19 
.07 
5M 

.18 

2.08 

1.24 

Percentage 

3% 

2 

Table   4. — Summary  of  seven  stop-watch   studies   on   Missouri 
Federal-aid  project  228 


'     During  this  hour's  operation  48  batches  were  produced— the  maximum  possible     l 
number  under  the,  specifications.    There  was  no  lost  time. 

This  record  is  published  because  it  is  a  practical 
demonstration  of  the  fact  that  very  high  efficiency  can 
be  maintained  on  paving  work  if  the  job  is  properly 


Number 

of 

batches 

per 

hour 

Effi- 
ciency 
of   outfit 
column  2 
divided 
by  48 

Mixer  time 

Lost  time 

Study 
No. 

Charge 

Seconds 
9.6 
9.6 
9.6 
9.  6 
9.6 
9.6 
9.6 

Mix 

Dis- 
charge 

Total 

Truck 

delays 

Water- 
supply 
trouble 

1 

44 
44 
45 
44 
42 
48 
45 

Per  cent. 
91.7 
91.7 
95.8 
91.7 
87.5 
100.0 
95.8 

Seconds 
62.4 
61.8 
61.2 
61.8 
62.4 
62.4 
61.2 

Seconds 
3.0 
3.0 
4.2 
4.2 
4.2 
3.0 
4.2 

Per  cent 
92 
91 

94H 
92 

89y2 

100 

Seconds 
8 
9 

3H 
8 

Seconds 

2.. 

3.. 

4_. 

2 

5 

6 

7.. 
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MODERN    HIGHWAY    TRAFFIC    AND  THE   PLANNING 
OF  STATE  HIGHWAY  SYSTEMS 

Reported  by  Dr.  J.  G.  McKAY,  Chief,  Division  of  Highway  Economics,  United  States  Bureau  of  Public  Roads 


! 


The  last  15  years  have  seen  the  reemergence  of  high- 
way transportation,  one  of  the  oldest  methods  for  the 
movement  of  people  and  goods,  from  the  position  of 
comparative  unimportance  to  which  it  had  fallen  during 
the  period  of  greatest  railroad  development  to  a  posi- 
tion of  the  first  rank  in  the  national  scheme  of  trans- 
portation. Mass  movement  of  people  and  commodi- 
ties on  the  principal  routes  of  the  various  State  highway 
systems  confronts  us  as  a  fact  and  not  a  theory. 

The  general  field  of  motor-vehicle  transportation 
can  be  divided  into  three  major  classes  of  service. 
First  is  the  local  distribution  of  commodities  and  local 
transportation  of  people.  This  service  constitutes  in 
tonnage  the  bulk  of  the  motor-truck  movement  and 
is  primarily  the  distribution  of  goods  within  cities  and 
their  suburban  areas.  In  Connecticut  67.1  per  cent; 
in  Ohio  64.2  per  cent;  and  in  Pennsylvania  77.3  per 
cent  of  the  net  tonnage  transported  by  motor  truck  is 
hauled  less  than  30  miles.  Seventy  per  cent  of  the  net 
tonnage  hauled  in  Cook  County  by  motor  truck  is  a 
direct  distribution  of  commodities  to  points  of  final  use. 
In  passenger  transportation  the  principal  function  is 
also  mass  transportation  within  local  areas. 

The  second  principal  class  of  motor-vehicle  service 
supplements  existing  rail  and  water  service  by  exten- 
sion of  freight  and  passenger  service  into  areas  not 
served  by  rail  or  water  lines;  substitutes  motor-vehicle 
service  for  rail  operation  of  unprofitable  branch  lines; 
and  provides  a  combined  service  in  conjunction  with 
railroads  or  boat  lines  or  both.  The  primary  function 
of  the  motor  vehicle  in  this  joint  movement  is  the 
movement  of  people  or  goods  in  the  short  haul. 

The  third  class  of  motor-vehicle  service  is  the  so- 
called  long-haul  transportation.  This  type  of  service 
is  not  important  as  to  quantity  of  movement  nor  would 
it  appear  to  be  economically  sound.  For  motor  trucks, 
at  least,  the  volume  of  tonnage  in  the  long-haul  zone 
is  comparatively  small  and  decreasing  in  importance. 
In  Connecticut  15.2  per  cent;  in  Pennsylvania  6.9  per 
cent;  and  in  Ohio  15.9  per  cent  of  the  net  tonnage  is 
hauled  over  60  miles.  Usually  long-haul  transporta- 
tion is  limited  to  movements  in  which  speed  of  delivery 
or  some  special  characteristic  is  the  principal  deter- 
mining factor. 

A  relatively  small  percentage  of  motor  trucks  are 
engaged  in  the  commercial  transportation  of  freight. 
On  the  Maine  highways  8.7  per  cent;  on  the  Pennsyl- 
vania highways  13.6  per  cent;  and  on  the  Ohio  highways 
21  per  cent  of  the  loaded  trucks  are  commercial,  oper- 
ating either  for  hire  or  on  contract. 

Analysis  of  motor  truck  transportation  in  the  several 
States  shows  that  the  development  of  a  large  system 
of  motor  trucking  over  a  considerable  area  beyond  the 
short-haul  is  economically  unsound.  The  movement 
out  of  cities  is  primarily  a  local  process  of  distribution. 
The  movement  toward  cities  consists  largely  of  goods 
produced  in  the  varea,  principally  food  products.  The 
volume  of  goods  moving  between  two  shipping  points 
is  unbalanced  in  the  short-haul  and  progressively  un- 
equal with  increase  in  distance.  This  fact  negatives 
the  development  of  long-haul  motor  truck  transporta- 
tion as  a  system  of  haulage. 


The  cost  of  providing  motor-truck  common-carrier 
service  increases  with  increase  in  distance,  owing 
primarily  to  the  increasing  terminal  cost  ratio  to  total 
net  revenue,  return  movement  of  empty  trucks,  and 
partial  loads  at  full  rates  or  full  loads  at  low  rates. 

The  principal  function  of  the  motor  vehicle  as  part 
of  a  correlated  system  of  rail,  water,  and  highway 
transportation,  as  indicated  by  present  trends,  seems 
to  be  its  development  in  the  short-haul  zone  with 
great  potential  possibilities  of  volume  service  in 
terminal  areas  of  dense  population. 

The  functional  relationship  of  the  motor  vehicle  and 
water  transportation  would  appear  to  be  the  transfer 
of  goods  to  and  from  docks  and  the  mechanical  organ- 
ization of  motor  truck  loading  and  unloading  methods 
in  the  water  shipping  area  to  facilitate  rapid  loading 
and  unloading  of  cargoes. 

The  principal  service  of  the  motor  truck  as  a  part  of 
organized  rail  transportation  is  primarily  in  the  rail 
freight  transfer  areas  and  in  the  short-haul  movement 
of  rail  package  freight.  Whatever  we  may  think  of 
present  motor  vehicle  operating  methods,  if  there  is  a 
real  demand  for  this  type  of  service  it  will  continue  to 
develop.  The  problem  lies  in  the  intelligent  organiza- 
tion, improvement  and  control  of  this  new  type  of 
transportation.  Probably  the  next  few  years  will  see 
the  organization  of  large  motor  vehicle  operating  com- 
panies functioning  as  a  part  of  existing  rail  and  water 
systems  or  as  independent  operating  companies. 
Since  the  haulage  of  goods  and  people  can  be  generally 
safeguarded  by  regulatory  Tegislation,  it  would  seem 
that  present  rail  or  water  lines  should  qualify  as  the 
responsible  financial  and  experienced  agencies  of  mass 
transportation  of  people  and  goods  in  this  rapidly 
developing  field  of  motor  vehicle  transportation. 

Meanwhile,  no  matter  under  whose  guidance  the 
organization  of  motor  vehicle  operation  is  developed, 
there  remains  the  present  problem  of  intelligently 
planning  highway  systems  to  serve  this  rapidly  grow- 
ing method  of  transportation. 

PLANNING  THE  IMPROVEMENT  OF  HIGHWAY  SYSTEMS 

There  is  no  fundamental  difference  in  principle  be- 
tween the  public  business  of  developing  systems  of 
highways,  and  private  enterprises  engaged  in  pro- 
ducing commodities  or  in  the  performance  of  services. 
For  example,  light  and  power,  gas  and  telephone 
utilities  and  other  industries  are  all  engaged  in  the 
production  of  their  commodities  for  public  use.  The 
history  of  their  modern  development  and  expansion  is 
largely  a  development  based  upon  a  careful  analysis 
of  the  demand  for  their  product  by  present  and  poten- 
tial consumers  in  a  given  area.  The  soundness  of  their 
analysis  of  the  need  for  new  service  and  the  expansion 
of  their  plant  anticipating  the  demand  for  their 
product  has  been  an  influential  factor  in  the  progn  — 
or  lack  of  progress  of  many  communities. 

The  same  basic  economic  and  engineering  principles 
of  management  that  exert  such  a  controlling  influence 
in  the  field  of  private  business  should  govern  the 
public  business  of  production  in  the  highway  field. 
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Applied  to  the  public  business  of  a  State  responsible 
for  developing  a  connected  system  of  improved  high- 
ways to  facilitate  the  transportation  of  people  and  com- 
modities, the  first  basic  principle  of  production  manage- 
ment is  that  the  various  sections  of  a  highway  system 
selected  for  improvement  and  the  type  of  improvement 
chosen  for  each  section  should  be  based  upon  present 
and  expected  future  traffic  demands,  modified  by  the 
various  physical  and  economic  characteristics  which 
affect  the  choice  of  specific  construction  types  to  be 
built  on  the  various  sections  of  a  State  highway  system. 

The  second  principle  is  the  familiar  one  of  the  budget 
upon  which  all  financially  sound  industries  operate. 
Applied  to  the  highway  business  it  involves;  (1)  the 
determination  of  the  amount  of  money  required  to 
complete  the  improvement;  (2)  the  apportionment  of 
the  cost  among  those  who  benefit  from  the  improve- 
ment of  the  highways,  and  provision  through  necessary 
legislation  for  raising  the  required  highway  funds. 
This  management  must  insure  the  expenditure  of  the 
money  in  accordance  with  a  predetermined  plan  of 
improvement  in  which  each  route  or  section  of  a  route 
is  to  lie  improved  to  the  degree  required  by  the  traffic 
and  to  no  greater  or  less  degree.  The  raising  of  revenue 
is  the  responsibility  of  the  State  legislature,  and  is 
always  the  final  limiting  factor  in  any  program  of 
public  works.  Provision  by  a  legislature  of  more  than 
the  necessary  revenue  is  apt  to  encourage  waste; 
provision  of  sufficient  funds,  well  managed  by  the  high- 
way department,  results  in  a  well-balanced  system  of 
highway  improvements  and  the  economic  development 
of  the  State  as  a  whole;  provision  of  insufficient  im- 
provement funds  defers  the  true  improvement  of  a  high- 
way system,  forces  the  highway  department  to  spread 
uneconomically  its  expenditures  of  State  funds  over 
the  entire  State  system,  usually  results  in  the  develop- 
ment of  a  highway  system  below  the  requirements  of 
traffic,  and,  if  continued  over  a  period  of  years,  in- 
creases the  total  ultimate  cost  of  highway  transportation. 

The  establishment  of  scientific  plans  for  highway 
development,  which  will  result  in  the  maximum  of  high- 
way improvement  and  highway  transportation  service, 
with  available  revenue,  labor,  equipment,  and  building 
materials,  requires  a  careful  analysis  of  highway  traffic, 
the  trend  of  its  development  and  its  distribution  over 
the  highway  system.  The  necessity  of  such  an  analysis 
is  now  recognized  by  highway  executives,  but  their 
efforts  have  been  handicapped  by  lack  of  precise  knowl- 
edge of  the  character  and  amount  of  present  and  ex- 
pected future  traffic  using  the  various  sections  of  the 
system. 

The  plan  of  State  highway  improvement  may  ma- 
terially alter  the  economic  and  social  development  of 
a  people  as  a  whole  or  any  section  thereof.  The  loca- 
tion and  improvement  or  lack  of  improvement  of  a 
given  route  is  of  vital  importance  not  only  to  the 
traffic  of  the  immediate  locality  but  also  to  the 
traffic  of  larger  areas.  Therefore,  the  development  of 
a  system  of  highways  should  not  be  judged  as  miles 
and  types  of  highways  constructed  each  year  but  con- 
sidered in  terms  of  the  movement  of  people  and  goods. 
The  planning  and  construction  of  a  connected  system 
of  highways  deal  in  fact  with  the  destiny  of  localities 
and  States,  their  agriculture,  their  industries,  the  growth 
of  suburban  areas  adjacent  to  centers  of  population, 
and  the  social  activities  of  a  people.  This  is  a  tre- 
mendous social  responsibility  and  not  merely  a  problem 
of  physics  concerning  mixtures  of  cement,  water,  brick, 


steel,   bitumens,   stone  aggregate,   gravel,   equipment, 
and  labor  into  what  we  now  term  the  modern  road. 

WHETHER  TO  IMPROVE  AND  HOW   MUCH  THE  FIRST  QUESTIONS 

The  major  problem  is  not  one  of  the  particular  type 
of  materials  to  use,  but  rather  whether  to  build  or  not, 
and  how  much  highway  service  should  be  furnished  in 
a  given  area.  Upon  the  proper  solution  of  these  prob- 
lems depend  the  well-being  and  progress  of  a  people. 
Considering  the  improvement  of  highways  from  this 
point  of  view  there  can  be  no  question  concerning  the 
necessity  of  developing  sound  plans  for  highway  im- 
provement over  a  period  of  years  in  the  several  States, 
and  of  providing  the  necessary  money  to  carry  out  eco- 
nomically the  proposed  plan  of  improvement. 

The  principal  classes  of  highway  improvements  are : 
(1)  New  construction,  (2)  stage  construction,  (3)  recon- 
struction, (4)  building  of  bridges  and  culverts,  (5)  high- 
w  ay  and  railroad  grade  separations,  (6)  widening  of 
present  highways,  and  (7)  methods  of  guiding  and  safe- 
guarding traffic. 

Each  of  these  classes  of  improvement,  although  more 
or  less  distinct  as  a  class,  is  part  of  a  general  scheme 
of  betterment,  and  especially  within  congested  popu- 
lation and  traffic  areas  the  highway  engineer  faces  the 
urgent  need  of  solving  all  these  complicated  problems 
of  highway  improvement.  The  development  of  the 
plan  as  a  whole,  including  each  of  the  several  classes 
of  improvement,  should  be  based  largely  upon  present 
and  expected  future  traffic  and  "lay-out"  and  condi- 
tion of  the  existing  highway  system  in  any  given  area. 

The  first  step  in  planning  a  program  of  highway  im- 
provement is  the  measurement  of  the  present,  and  the 
prediction  of  the  future  volume  and  character  of  traffic 
on  the  State  primary,  secondary  and  tertiary  systems. 
The  principal  traffic  factors  involved  in  judging  the 
relative  traffic  importance  of  the  three  systems,  or 
sections  of  each  system,  are  the  average  daily  and 
maximum  total  traffic,  and  the  average  daily  ami 
maximum  truck  traffic  using  each  section.  The  aver- 
age daily  number  of  loaded  light  (one-half  to  2^-ton), 
medium  (3  to  4-ton)  and  heavy  (5  to  7J/£-ton)  vehicles 
is  an  important  factor  in  the  determination  of  the  plan 
of  improvement  as  well  as  in  the  selection  of  the  types 
to  be  constructed. 

The  second  step  is  the  determination  of  the  relation- 
ship between  population  and  demands  for  highway 
service  and  the  consideration  of  present  density  of 
population  and  population  trends  as  an  aid  in  the 
development  of  a  plan  of  improvement  which  will  most 
efficiently  serve  the  traffic  needs  of  this  population. 

The  next  step  is  the  classification  of  the  various  high- 
ways or  sections  of  highways  as  major  traffic  routes 
(class  A),  secondary  traffic  routes  (class  B),  and  minor 
traffic  routes  (class  C).  A  class  A  highway  is  defined 
as  one  that  requires  one  of  the  so-called  rigid  types  of 
improvement,  concrete,  brick,  bituminous  concrete,  or 
their  equivalent.  A  class  B  highway  is  defined  as  one 
that  requires  a  so-called  flexible  type  of  improvement, 
such  as  standard  bituminous  penetration  macadam  or 
its  equivalent.  A  class  C  highway  is  defined  as  one 
that  requires  other  lesser  types  of  improvement. 

The  principal  traffic  factors  involved  in  such  a  classi- 
fication are: 

(ft)  Average  daily  and  maximum  total  traffic  and 
i  ruck  traffic. 

(b)  Forecast  of  average  daily  total  traffic  and  truck 
traffic  for  periods  of  5  and  10  years. 
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(c)  Average  daily  and  expeeted  future  number  of 
loaded  light,  medium,  and  heavy  trucks  for  each  route 
or  section  of  route. 

(d)  The  ratio  of  the  total  number  loaded  trucks  to 
the  total  traffic  in  order  to  separate  for  special  con- 
sideration routes  or  sections  of  routes  on  which  motor 
trucks  are  an  abnormally  large  or  small  proportion  of 
total  traffic. 

(<?)  The  number  and  frequency  of  critical  heavy  loads. 

(f)  Average  maximum  traffic  as  one  measure  of  the 
width  of  the  improvement,  the  necessity  for  improve- 
ment of  additional  parallel  routes  and  the  "by-passing" 
of  congested  centers  of  local  traffic. 

(g)  Analysis  of  highway  maintenance  and  capital 
costs  and  vehicle  operating  costs  as  an  important  factor 
in  determining  the  traffic  limits  for  the  various  types  of 
improvement. 

The  fourth  step  is  the  measurement  of  motor-vehicle 
mileage  on  the  primary,  secondary,  and  tertiary  high- 
way systems,  and  the  estimate  of  the  earning  capacity 
of  these  three  systems  to  determine  the  relative  vehicle- 
use  value  of  each  as  a  guide  in  developing  the  plan  of 
improvement  and  the  budgeting  of  construction  and 
maintenance  funds. 

Finally,  we  must  have  a  thorough  analysis  of  the 
present  system  and  the  physical  condition  of  the  exist- 
ing improvements  on  it,  since  the  plan  of  betterment 
must,  in  general,  incorporate  I  he  existing  State  highway 
system  as  the  basis  of  the  improvement  plan. 

SPECIAL     CONSIDERATION     NECESSARY     FOR     HIGHWAY    SYSTEM 
ADJACENT  TO  CITIES 

A  State  plan  of  highway  improvement  can  be  sepa- 
rated into  two  distinct  planning  phases. 

The  first  is  the  general  State  plan,  consisting  of  a 
connected  system  of  primary,  secondary,  and  tertiary 
routes  serving  each  section  of  the  State.  It  should  he 
recognized  that  just  as  there  is  a  considerable  variation 
in  the  present  and  expected  future  volume  of  traffic  on 
the  highway  systems  of  the  different  States,  so  there  is 
within  each  State  also  considerable  variation  in  the 
present  and  expected  future  traffic  on  the  various 
sections  of  the  primary  and  secondary  system. 

The  second  phase  of  the  State  plan  is  the  special  con- 
sideration necessary  in  areas  adjacent  to  centers  of 
population.  The  improvement  plan  of  the  State  and 
the  plan  of  improvement  of  the  larger  cities  within  it 
should  be  worked  out  cooperatively. 

This  cooperative  planning  is  essential  to  the  proper 
location  and  entry  of  State  routes  into  congested  traffic 
areas,  to  avoid  dumping  traffic  from  one  or  more  than  one 
State  route  into  an  already  congested  area,  to  provide 
for  adequate  connections  and  improvement  of  the  city 
streets  that  join  State  routes  at  city  limits,  to  make 
provision  for  "by-passing"  congested  traffic  areas,  to 
eliminate  obstructions  to  the  easy  movement  of  traffic, 
and  finally  to  provide  belt,  arterial,  and  secondary 
local  traffic  routes  to  facilitate  the  rapid,  safe,  and 
unobstructed  flow  of  traffic  in  congested  traffic  areas. 

In  the  final  analysis  the  worth  of  a  transportation 
survey  and  the  resulting  plan  of  highway  improvement 
is  measured  by  the  actual  highway  construction,  recon- 
struction and  widening  program  which  is  carried  into 
effect  over  a  period  of  years. 

The  State  highway  engineer,  as  the  executive  director 
of  the  public  business  of  providing  highways,  is  respon- 
sible (f )  for  the  analysis  of  the  traffic  demand  for  his 
product  on  the  various  sections  of  the  State  system; 
(2)  for  a  financial    analysis   of  the  yearly  cost,   the 


revenues  required,  the  funds  available,  and  for  the 
establishment  of  a  budget  for  the  period  of  the  improve- 
ment program;  and  (3)  for  the  business  and  engineer- 
ing management  of  the  improvement  program. 

The  major  limiting  factor  is  the  financial  program 
set  up  by  the  legislative  organization  responsible  for 
raising  the  revenue  to  give  reality  to  any  plan  of  high- 
way improvement;  and  therefore  a  large  part  of  the 
responsibility  for  the  character  and  condition  of  a  State 
system  of  highways  rests  upon  the  department  of  the 
State  government  responsible  for  the  raising  of  highway 
funds  and  not  upon  the  department  charged  with  the 
duty  of  constructing  the  highways. 


(Continued  from  p.  184.) 


One  illustration  is  to  the  point.  It  so  happens  that 
the  writer  was  engaged  in  1909  in  building  12  miles  of 
branch-line  railroad  from  Carthage  to  Pinehurst  to 
connect  with  a  main  line  at  this  latter  point.  There 
was  a  buggy  factory  at  Carthage  as  well  as  two  or  three 
other  factories,  then  served  by  a  branch  line  10  miles 
long  from  one  of  the  large  trunk-line  railroads. 

The  second  line  was  built  to  compete  with  the  first 
for  the  output  of  the  town's  factories  and  for  the  hauling 
to  it  of  coal,  raw  material,  and  supplies  which  service 
incidentally  afforded  the  town  relief  from  high  rates 
prevailing  on  the  other  branch  line. 

The  town  was  thus  situated  in  a  general  way  at  the 
apex  of  a  triangle  composed  of  these  branch  lines  on 
two  sides  and  the  main  lines  on  the  third.  Neither  of 
these  branches  made  much  money  serving  as  feeders 
to  the  main  line  and  as  time  went  on  handled  less  and 
less  business.  The  interests  which  had  in  1911  bought 
the  branch  from  Pinehurst  to  Carthage  tore  up  the 
tracks  about  1914.  In  hisconnection  with  the  State 
Highway  Commission  10  years  later,  the  writer  took 
part  in  building  a  State  highway  on  the  grade  of  the 
branch  rail  line  he  had  built  in  1909. 

To-day  the  products  of  the  buggy  factory  move  by 
highway  either  from  Carthage  to  the  rail  station  at 
Pinehurst  or  over  another  State  highway  by  truck  to 
Sanford.  The  remaining  branch  line  into  Carthage  w  as 
sold  some  time  ago  to  a  group  of  local  people  who  wished 
its  operations  continued,  but  its  business  has  declined 
almost  to  the  vanishing  point  and  it  is  probably  only  a 
question  of  time  until  if  will  be  abandoned.  Its 
business  is  largely  in  the  moving  of  heavy,  bulk  freight 
such  as  coal,  sand,  and  gravel. 

Our  problem  in  the  highway  field  when  and  where 
called  on  to  provide  adequate  highways  to  replace 
these  branch  lines  will  be  the  finding  of  means  to 
move  these  heavy  commodities  longer  distances  over 
the  highways.  Other  tonnage  of  many  of  these  lines 
has  either  gone  or  is  going  more  and  more  rapidly  to 
the  highways  because  of  the  generally  short  distance^ 
involved  and  the  small  aggregate  total  of  such  tonnage. 

The  data  furnished  might  be  multiplied  ad  infinitum 
but  these  illustrations  will  doubtless  serve  to  indicate 
the  important  transportation  service  now  rendered  the 
State  by  our  highway  system.  It  serves  the  other 
transportation  agencies  equally  as  well  as  it  serves 
industry,  agriculture  and  other  groups. 

New  fields  of  industry,  and  agriculture  are  being 
opened,  and  the  old  fields  are  being  stimulated  immeas- 
urably by  the  highway.  It  goes  without  saying  that 
all  this  assures  to  the  rail  carriers  much  husiness  from 
the  South  and  proportionate  prosperity. 


THE  USE  OF  HIRING  CARS  AND  BUSSES  ON  RURAL 

HIGHWAYS 

Reported  by  HENRY  R.  TRUMBOWER,  Economist,  United  States  Bureau  of  Public  Roads 


According  to  the  report  of  the  Commissioner  of 
Internal  Revenue,  165,372  motor  vehicles  were  en- 
gaged in  the  business  of  carrying  passengers  for  hire  on 
June  30,  1925.  The  internal  revenue  law  provides 
that  owners  of  automobiles  for  hire  with  a  capacity  of 
from  two  to  seven  passengers  shall  pay  a  yearly  excise 
tax  of  $10  to  the  Federal  Government,  and  those  owning 
automobiles  used  to  carry  passengers  for  hire  which 
have  a  capacity  of  eight  and  over  are  obliged  to  pay  an 
annual  tax  of  $20.  For  the  year  ended  June  30,  1925, 
the  Federal  Government  collected  in  this  manner 
$1,838,079  which  comprised  the  taxes  upon  141,849 
cars  of  small  capacity,  and  23,523  cars  of  large  capac- 
ity, the  latter  being  largely  of  the  motor-bus  type. 

These  figures  show  that  85  per  cent  of  the  passenger 
automobiles  used  for  hire  in  the  United  States  are 
small  cars  with  a  capacity  of  from  two  to  seven  pas- 
sengers. The  cars  seating  more  than  seven  passengers 
constituted  only  15  per  cent  of  the  total  number  of 
hiring  cars.  The  taxicabs  used  in  cities  account  for  by 
far  the  largest  number  of  cars  of  the  smaller  passenger 
capacity. 

The  proprietors  of  the  cars  paying  this  tax  numbered 
96,475.  When  this  number  is  compared  with  the  total 
number  of  hiring  cars  it  is  seen  that  the  ownership 
averages  but  1.5  cars  of  both  types,  large  and  small, 
per  owner  or  proprietor.  In  spite  of  the  fleets  of 
taxicabs  owned  by  one  individual  or  by  a  company  the 
average  number  of  cars  owned  by  an  operator  is  less 
than  two. 

The  ratio  of  passenger  cars  for  hire  to  the  total 
population  of  the  country  is  one  car  for  every  686 
people.  At  the  close  of  1924  there  were  15,460,649 
passenger  automobiles  in  the  United  States.  For  every 
passenger  car  used  for  hire,  therefore,  there  were  then 
approximately  90  passenger  cars  used  by  their  owners 
as  private  cars. 

The  ratio  of  the  number  of  hiring  passenger  cars  to 
the  population  differs  in  the  several  States  and  also  in 
the  various  sections  of  the  country.  In  Table  1  there 
are  shown  for  the  various  groups  of  States  the  total 
number  of  passenger  cars  for  hire,  the  estimated  popu- 
lation, and  the  number  of  persons  per  passenger  car 
used  for  hire. 

Table  1. — Number  of  hiring  cars  and  relation  to  population  by 
groups  of  States 


Group  of  States 

Total 
number 
of  pas- 
senger 
cars  for 
hire 

Population 

Number 

of  persons 

per  car 

New  England 

17, 840 

7.  883.  449 

442 

Middle  Atlantic 

44,  272      23. 929.  700 

540 

East  North  Central 

30,  807 
15,  016 
17,  972 
10,  364 
13, 195 
6,426 
9,480 

23, 302, 538 
13,  057,  696 
15,  007,  396 
9, 170, 847 
11,068,039 
3,  736,  666 
6, 345, 595 

756 

West  North  Central 

869 

South  Atlantic. 

835 

East  South  Central 

885 

West  South  Central 

840 

Mountain 

580 

Pacific 

669 

Total 

165,  372 

113,501,926 

686 

States,  the  average  for  the  whole  country  being  686. 
At  first  glance  it  would  appear  as  if  the  number  of 
persons  per  car  were  smaller  in  those  States  where  the 
population  is  most  dense.  That  holds  true  for  the 
New  England  and  the  Middle  Atlantic  group  of  States, 
which  contain  many  and  large  cities.  In  such  cities 
the  number  of  taxicabs  operated  is  naturally  large. 
On  the  other  hand,  in  the  Mountain  States  the  number 
of  persons  per  car  is  580,  just  slightly  higher  than  in 
the  Middle  Atlantic  States,  where  the  ratio  of  persons 
to  cars  is  540.  In  these  Mountain  States  this  ratio  is 
less  than  in  any  one  of  the  other  groups  of  States 
except  the  New  England  and  the  Middle  Atlantic 
groups. 

RATIO   OF  HIRING   CARS   TO   POPULATION   WIDELY  DIFFERENT  IN 
VARIOUS  STATES 

In  the  individual  States  a  still  greater  variation  in 
persons  per  car  is  found.  In  New  Hampshire,  for 
example,  there  are  218  persons  for  every  passenger 
automobile  used  for  hire;  that  is  the  lowest  ratio 
found  anywhere.  The  highest  is  found  in  North 
Dakota,  where  there  are  1,690  persons  per  car.  The 
rest  of  the  States  are  found  between  these  two  extreme 
ratios.  In  Table  2  the  States  are  classified  according 
to  the  number  of  persons  per  car. 

Table  2. — Classification  of  States  according  to  number  of  persons 

per  hiring  car 

NUMBER  OF  PERSONS  PER  HIRING  CAR 


For  these  several  groups  of  States  the  variation  in 
the  number  of  persons  per  car  ranges  from  442  in  the 
New  England  States  to  866  in  the  West  North  Central 
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200 

300 

400 

500 

600 

New  Hampshire. 
Vermont. 

Colorado. 
Maine. 
New  York. 
Wyoming. 
District  of  Co- 
lumbia. 

Florida. 
New  Jersey. 
Rhode  Island. 

Connecticut. 
Maryland. 
Massachusetts. 
Nevada. 

California. 
Illinois. 
Indiana. 
Missouri. 

700 

800 

900 

1,000 

1,100 

Arizona. 

Alabama. 

Delaware. 

Minnesota. 

Louisiana. 

Idaho. 

Arkansas. 

Iowa. 

Mississippi. 

North     Caro- 

Kalis.is. 

Michigan. 

Montana. 

Nebraska. 

lina. 

Kentucky. 

Oregon. 

New  Mexico. 

Pennsylvania. 

Texas. 

Virginia. 
Washington. 

Ohio. 

Oklahoma. 
Tennessee. 
West  Virginia. 

South  Carolina. 

Wisconsin. 

1,200 

1,300 

1,400 

1,500 

1,600 

Utah. 

South  Dakota. 

Georgia. 

North  Dakota. 

Examination  of  this  summary  discloses  no  particular 
reason  for  the  variation  in  the  distribution  of  the  hiring 
cars.  In  States  as  widely  different  in  density  of 
population  as  New  York  and  Wyoming  and  Nevada 
and  Massachusetts,  the  ratio  between  passenger  cars 
used  for  hire  and  population  is  approximately  the 
same;  New  York  has  396  persons  per  car,  Wyoming  has 
353;  Nevada  has  540  persons  per  car  and  Massa- 
chusetts 555.  In  Georgia  the  ratio  is  1,440  persons 
per  car  and  in  the  adjoining  State  of  Alabama  it  is 
only  872  persons  per  car.  Nevertheless  the  density 
of  population  in  these  two  States  differs  very  slightly; 
in  Alabama  it  is  45.8  persons  per  square  mile  and  in 
Georgia  49.3.  The  density  of  population  does  not 
appear  to  be  the  controlling  factor  as  to  the  per  capita 
use  made  of  passenger  cars  for  hire.     To   a  certain 
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extent  it  may  be  said  that  the  extent  to  which  the 
hiring  cars  are  used  depends  upon  the  distribution  of 
the  population  of  a  State  between  urban  and  rural 
communities.  In  the  New  England  States  79.2  per 
cent  of  the  population  is  urban  ;  in  the  Middle  Atlantic 
States  the  corresponding  ratio  is  74.9  per  cent.  In 
those  two  groups  of  States  is  found  the  smallest  number 
of  persons  per  passenger  car  used  for  hire.  The 
Mountain  States,  however,  appear  to  be  an  exception 
to  this  rule.  There  the  urban  population  amounts  to 
but  36.4  per  cent  of  the  total  population  while  the 
ratio  of  number  of  persons  per  car  is  580,  the  third 
lowest  of  the  different  groups  of  States.  The  lack  of 
sufficient  transportation  facilities  in  this  group  of  States 
may  account  for  the  relatively  greater  development  of 
the  transportation  of  passengers  by  common-carrier 
automobiles. 

The  proportion  of  small-capacity  automobiles  en- 
gaged in  the  transportation  of  passengers  for  hire  also 
differs  in  the  several  groups  of  States.  Table  3  shows 
the  number  and  percentage  relationship  of  the  2  to  7 
passenger  cars  and  the  cars  with  a  passenger  capacity 
of  8  and  over. 


Table   3. — Number  of  small  and  large  capacity  hiring,  cars  by 
groups  of  States 


Gioup  of  States 

.  2  to  7  passenger 
cars 

8  passengers  and 
over 

Total  number  of 
hiring  cars 

Number 
15,492 

Per  cent 

- 

86 

82 

88 

>7 

Number 
2,348 
5,889 
5, 571 
1,855 
2.406 

Per  cent 
13 
14 
18 
12 
13 
8 
8 
19 
25 

■  Number 
17. 840 
44.272 
30, 807 
15,016 
17, 972 
10,364 
13, 195 
6,426 
9,480 

Per  cent 
1C0 

Middle  Atlantic 

38,383 
25, 236 
13,161 
15,566 
9,547 
12,131 
5,206 
7, 127 

100 

East  North  Central 

West  North  Central 

South  Atlantic 

100 
100 

100 

East  South  Central 

West  South  Central 

Mountain  

Total 

92              817 
92           1,064 
81  1        1,220 
75          2,353 

100 
100 
100 
100 

141,849 

85 

23,523 

15 

165, 372 

100 

The  small-capacity  car  is  found  to  be  predominant 
in  each  of  the  geographic  sections,  the  average  for  the 
country  being  85  per  cent.  In  the  various  groups  of 
States  it  ranges  from  75  per  cent  in  the  Pacific  States 
to  92  per  cent  in  the  East  and  West  South  Central 
States.  These  relationships  differ  still  more  widely  in 
the  individual  States.  In  the  individual  States  the 
cars  of  large  capacity  range  from  4  per  cent  of  the  total 
number  in  Nevada  to.  45  per  cent  in  Wyoming.  The 
States  are  classified  in  the  folio  whig  tabulation,  Table 
4,  according  to  the  ratio  which  the  large-capacity  cars 
bear  to  the  total  number  of  cars  used  for  hire. 

Table   4. — Classification,  of  States  according  to  ratio  of  large- 
capacity  hiring  cars  to  the  total  number  of  hiring  cars 
Ratio  of  number  of  large-capacity  hiring  cars  to  total  number 


0  to  9  per  cent 

10  to  19  per  cent 

20  to  29  per  cent 

30  to  39  per  cent 

40  to  49  per 
cent 

Alabama. 

Arizona. 

California. 

Michigan. 

Wyoming. 

Arkansas. 

Colorado. 

Delaware. 

New  Jersey. 

Georgia. 

Connecticut. 

Indiana. 

Washington. 

Louisiana. 

Florida. 

Maryland. 

Maine. 

Idaho. 

Minnesota. 

Mississippi. 

Illinois. 

Ohio. 

Nebraska. 

Iowa. 

Oregon. 

Nevada. 

Kansas. 

Utah. 

New  Hampshire 

Kentucky. 

New  Mexico. 

Massachusetts. 

New  York. 

Missouri. 

North  Dakota. 

Montana 

Oklahoma. 

NorthCarolin  . 

Rhode  Island. 

Pennsylvania. 

South  Carolina. 

South  Dakota. 

Tennessee. 

Vermont. 

Texas. 

Virginia. 

West  Virginia. 

Wisconsin. 
District  of  Col- 
umbia. 

In  12  of  the  States  the  large-capacity  cars  used  for 
hire  amount  to  over  20  per  cent  of  the  total  number  of 
cars  used  as  common  carrier  passenger  cars.  The 
extent  to  which  these  large-capacity  cars  or  busses 
are  used  depends  upon  the  development  of  bus  service 
within  cities  and  upon  the  rural  highways.  In  New 
Jersey,  for  instance,  where  30  per  cent  of  the  passenger 
cars  for  hire  are  of  the  large-capacity  or  bus  type,  a 
very  extensive  motor-bus  service  has  been  developed 
in  the  urban  and  suburban  sections  of  the  northern 
part  of  the  State  where  there  are  a  number  of  large 
cities  and  where  the  population  is  very  dense.  It  may 
be  said  that  in  that  case  the  bus  service  is  primarily 
urban  and  suburban.  In  Washington  it  is  foimd  that 
32  per  cent  of  all  of  the  passenger  cars  for  hire  are  of  the 
large-capacity  type  and  68  per  cent  have  a  capacity  of 
from  2  to  7  passengers.  This  comparatively  large 
number  of  large-capacity  cars  is  very  largely  due  to  the 
development  of  interurban  bus  service.  In  Washington 
that  type  of  service  is  very  extensive. 

NUMBER  OF  HIRING  CARS  USED  ON  RURAL  ROADS  ESTIMATED 

These  data  from  the  reports  of  the  internal  revenue 
collectors  furnish  no  clews  with  respect  to  the  use  of 
these  passenger  cars  for  hire  within  cities  and  towns  on 
the  one  hand  and  in  interurban  or  suburban  service  on 
the  other.  From  facts  which  have  been  ascertained 
relative  to  the  number  of  motor  busses  operating  over 
the  rural  highways  of  certain  States  it  is  possible  to 
make  an  estimate  of  the  number  of  the  large-capacity 
cars  for  hire  which  are  operated  in  interurban  and 
suburban  service.  In  seven  of  the  States  it  was  found 
that  there  were  823  common  carrier  passenger  vehicles 
operating  on  regular  routes  over  rural  highways  and 
outside  of  towns  and  cities.1  All  of  these  had  a  capacity 
of  eight  passengers  and  over.  In  these  same  States  the 
internal  revenue  collector's N  reports  show  that  there 
were  in  all  2,442  of  the  large-capacity  cars.  This  would 
indicate  that  about  a  third  of  the  large  type  of  cars  are 
used  on  interurban  and  suburban  routes,  the  rest  in 
service  on  city  and  town  streets.  According  to  these 
figures  it  is  perhaps  not  far  from  the  facts  to  say  that 
approximately  8,000  of  the  23,523  large-type  motor  cars 
used  for  hire  are  operating  in  interurban  and  suburban 
service. 

A  very  much  smaller  proportion  of  the  small  type  of 
cars,  seating  from  one  to  seven  passengers,  is  found  on 
the  rural  highways.  In  the  same  seven  States  referred 
to  above  2  it  was  found  that  there  were  only  507  small- 
type  passenger  cars  engaged  in  common  carrier  service 
on  interurban  and  suburban  routes.  The  Internal 
Revenue  collector's  reports  show  that  there  were  in  all 
12,677  of  these  small-type  cars  in  the  same  States.  It 
follows,  therefore,  that  approximately  4  per  cent  of  the 
small-type  cars  were  operated  over  rural  highways  and 
the  remaining  96  per  cent  or  12,170  cars  were  engaged  in 
urban  service.  If  this  ratio  is  applied  to  the  total  of 
141,849  small-type  cars  reported  by  the  Internal  Rev- 
enue Department  it  follows  that  about  5,670  cars  of  this 
type  are  in  rural  common  carrier  service. 

Upon  the  basis  of  these  estimates  it  may  be  said  that 
out  of  a  total  of  165,372  passenger  cars,  consisting  of 
both  large  and  small  types  used  for  hiring  purposes, 
about  13,670,  or  about  8  per  cent,  arc  operated  over 
interurban  and  suburban  routes. 
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THE  PENETRATION  OF  WOOD  PRESERVATIVES 


Reported  by  ROBERT  I.  RUDOLPH  United  States  Bureau  of  Public  Roads 


The  specifications  of  the  American  Association  of 
State  Highway  Officials  for  timber  highway  bridges 
require  that  the  heads  of  the  treated  timber  piles  after 
having  been  cut  to  receive  caps  and  prior  to  the  placing 
of  caps  shall  be  treated  to  prevent  decay.  Two  methods 
of  treatment  are  specified.  The  first  consists  of  three 
applications  of  a  mixture  composed  of  60  per  cent 
creosote  oil  and  40  per  cent  tar  roofing  pitch,  and  the 
second  consists  of  three  treatments  with  hot  creosote 
oil  after  which  the  portion  so  treated  is  covered  with 
hot  roofing  pitch.  Tests  have  been  made  by  the  Bureau 
of  Public  Roads  to  determine  the  relative  value  of  such 
treatments  as  to  the  depth  of  penetration  into  the  wood. 

Because  of  difficulty  in  procuring  treated  timber  pile 
heads,  the  tests  were  made  on  wood  blocks  treated  as 
specified  by  each  of  the  two  methods. 

The  wood  blocks  used  for  the  purpose  were  approxi- 
mately 6  by  6  by  12  inches  in  size  and  were  made  from 
a  commercially  known  long-leaf,  air-dried,  dressed, 
Georgia  yellow  pine. 

The  analysis  of  the  tar  roofing  pitch  was  as  follows: 

Specific  gravity  at  25°/25°  C 1.  264 

Softening  point  55°  C. 

Bitumen  soluble  in  CS2 . per  cent        74.  86 

Organic  matter  insoluble do 24.  98 

Inorganic  matter  insoluble do 0.  16 

Ductility  at  25°  C,  centimeters 100  + 

Distillate  up  to  300°  C per  cent__     4.  49 

Residue do 95.  31 

Water  Trace 

Specific  gravity  of  "distillate  at  38°/15.5°  C ZZ Z ZZ   1.  043 

The  creosote  oil  showed  the  following  analysis: 

Specific  gravity  at  38°/15.5°  C 1.  062 

Insoluble  in  benzol per  cent.-       .  03 

Coke do 5.  33 

Waiter 

Distillate  to  210°  C __  Z  .  .  Z  .  _  _  _ Zlper  cent 

210°-235°  C do 

235°-270°  C do 

270°-315°  C .        .     do 

315°-355°  C ..do.. 

Residue 


.do- 


None. 
0.  70 
8.66 

26.  43 

27.  39 
20.  43 
16.  00 

Specific  gravitv  of  distillate  (235°-315°  C.)  at  38°/15.5°  C  1.  02S 
Specific  gravity  of  distillate  (315°  -355°  C.)  at  38°/15.5°  C.  1.  084 
Float  test  of  residue  at  70°  C seconds..       131 

Mixture  of  60  per  cent  creosote  oil  and  40  per  cent  tar 
roofing  pitch : 

Specific  viscosity  at  40°  C 1.03 

Before  beginning  the  work  it  was  decided  to  broaden 
the  scope  of  the  tests  by  treating  separate  groups  of 
blocks  by  each  of  the  two  methods  specified  with  cold 
and  hot  applications  of  preservative.  Thus  by  the 
first  method  a  group  of  blocks  was  treated  with  a  cold 
mixture  of  creosote  oil  and  tar  and  another  group  with 
a  hot  mixture  of  creosote  oil  and  tar.  By  the  second 
method  one  group  was  treated  with  cold  creosote  oil 
and  another  with  hot  creosote  oil  and  the  specimens  of 
both  of  the  latter  groups  were  covered  with  hot  roofing 
pitch.  Each  of  the  groups  treated  with  preservative 
consisted  of  three  wood  blocks. 

The  preservative  was  thoroughly  brushed  on  the  end 
of  the  block  and  allowed  to  dry.  The  material  applied 
hot  was  heated  to  a  temperature  of  70°  C.  The  first 
application  was  fairly  dry  after  one  and  one-half  hours 
and  a  second  treatment  was  given.  This  coat  took 
somewhat  longer  to  dry  and  the  third  treatment  was 
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applied  at  the  end  of  three  hours.  It  was  noticeable  at 
the  time  of  treatment  that  the  creosote-oil  applications 
seemed  to  be  absorbed  more  readily  than  the  creosote-oil 
and  tar  mixture.  Tar  heated  to  a  temperature  of 
105°  C.  was  applied  two  hours  after  the  third  applica- 
tion of  creosote  oil.  The  tar  did  not  adhere  readily  to 
the  creosoted  surface  and  could  not  be  brushed  on. 
Therefore  the  hot  tar  was  poured  upon  the  treated  ends 
and  the  entire  surface  was  covered  and  smoothed  over 
by  means  of  a  hot  knife. 

The  tops  of  the  blocks  were  sawed  off  2  inches  below 
the  treated  ends.  These  tops  were  then  split  at  different 
sections  and  the  average  distance  of  penetration  meas- 
ured. The  results  of  these  measurements  arc  given 
in  Table  1 . 

Table  1. — Average  penetration  of  preservatives  applied 


Treated  with  creo- 
sote oil   and   tar 
mixture  (cold) 

Treated  with  creo- 
sote oil  and   tar 
mixture  (hot) 

Treated  with  creo- 
sote   oil    (cold), 
covered  with  tar 
(hot) 

Treated  with  creo- 
sote    oil     (hot), 
covered  with  tar 
(hot) 

Block 

Average 

penetra- 
tion 

Average 
Block        penetra- 
tion 

Block 

Average 
penetra- 
tion 

Block      Penetra- 
m0CK          tion 

1 

2 

3 

Inches 

y% 

Inch  ex 

1 -         a 

2 y» 

3- -              V» 

Average..              J/g 

1 

2 

3 

Inches 

a 

Inches 
1 a 

2.. ;         a 

3                             S3 

Average- 

Average. 

A 

Average.              M 

TREATED  WITH  CREOSOTE  OIL  AND  COVERED  WITH  HOT  TAR 


■  '  "i   IHHU1I 


Fig.  1. — Comparison  of  the  Depth  of  Penetration  Ob- 
tained on  Representative  Blocks  by  the  Two  Methods 
of  Treatment 

Figure  1  shows  the  depth  of  penetration  obtained 
on  representative  blocks  by  the  two  methods  of 
treatment. 

Nearly  all  of  the  wood  blocks  had  a  small  portion  of 
sapwood  at  one  of  the  corners.  The  blocks  treated 
with  creosote  oil,  either  cold  or  hot,  showed  that  the 
creosote  oil  had  penetrated  this  sapwood  for  a  distance 
in  excess  of  2  inches.  This  was  not  so  evident  in  the 
blocks  treated  with  the  mixture  of  creosote  oil  and  tar. 
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TIME  LOSSES  IN  CONCRETE  ROAD  CONSTRUCTION 

Reported  by  ANDREW  P.  ANDERSON,  Highway  Engineer,  United  States  Bureau  of  Public  Roads 


ALL  contractors  and  engineers  familiar  with 
concrete  road  construction  are  fully  aware 
that,  at  best,  the  actual  annual  production  of 
any  outfit  is  always  far  below  the  potential  productive 
capacity  of  the  mixer.  This  failure  to  approach  the 
production  possibility  of  the  controlling  equipment  is 
due  to  a  large  number  of  reasons  which  may  be  grouped 
under  two  main  classes:  (1)  Slow  or  inefficient  opera- 
tion when  actually  at  work;  and  (2)  failure  to  operate 
at  all  for  more  or  less  extended  intervals  during  the 
working  season.  The  more  general  term  of  "time 
losses"  is  usually  applied  to  this  second  class. 

The  first  class — slow  or  inefficient  operation — its 
causes  and  effects,  as  well  as  means  and  methods  for 
securing  more  efficient  production,  has  been  fully 
discussed  in  previous  studies  reported  in  this  magazine  J 
and  will  therefore  be  referred  to  only  incidentally  in 
this  article. 

During  the  construction  seasons  of  1925  and  1926 
the  Bureau  of  Public  Roads  in  connection  with  its 
studies  of  production  engineering  made  careful  records 
on  a  large  number  of  active  concrete  pavement  jobs 
of  the  time  losses  and  delays  which  served  to  hold  up 
production  entirely  or  to  reduce  it  below  its  normal 
rate.  These  studies  are  still  being  continued,  but  the 
data  now  cover  projects  scattered  over  such  a  wide 
region  as  to  form  what  may  be  considered  a  somewhat 
representative  indication  of  the  average  conditions 
under  which  a  substantial  portion  of  our  total  annual 
concrete  road  construction  is  performed. 

If  the  data  accumulated  for  the  past  two  years  are 
representative  of  average  conditions,  of  which  there 
would  seem  to  be  little  doubt,  the  average  concrete 
paver  operating  on  State  road  construction  does  not 
reach  an  average  of  1,000  hours  of  actual  mixer  opera- 
tion per  season,  even  when  supplied  with  ample  work 
under  contract.  Some,  where  contracts  are  short  or 
conditions  otherwise  unfavorable,  do  not  exceed  500 
hours  of  actual  mixer  operation.  For  the  region 
covered  by  these  studies,  which  extends  from  and 
includes  Pennsylvania  in  the  East  to  Nebraska  and 
Oklahoma  in  the  West,  and  from  Michigan  in  the 
North  to  Texas  and  Florida  in  the  South,  2,000  hours 
may  be  considered  as  the  available  working  time  per 
season  in  the  more  favored  sections,  except  for  rather 
limited  areas  in  the  extreme  South,  and  about  1,500 
hours  as  the  available  time  in  the  less  favored  areas. 
This  is  the  length  of  the  average  working  season  under 
present  prevailing  practice,  exclusive  of  Sundays  and 
holidays.  This  report  will  therefore  review  the  causes 
which  so  greatly  reduce  the  actual  productive  operating 
time  in  concrete  road  construction  below  that  which  is 
apparently  available,  the  effect  of  such  time  losses, 
and  what  suggestions  such  data  as  are  now  available 
contain  as  to  how  these  time  losses  may  be  reduced. 

INITIAL   AND   PREPARATORY   LOSSES 

The  first  kind  of  time  losses  encountered  by  the  con- 
crete road  contractor  are  those  involved  in  securing  the 
contract  and  in  preparation  incidental  to  getting  onto 
the  job.  These  are  elusive  factors  about  which  suffi- 
cient definite  data  are  as  yet  unavailable.     The  rather 

i  "Efficiency  in  Concrete  Road  Construction,"  Public  Roads,  vol.  6,  Nos.  9,  10, 
11,  12;  vol.  7,  No.  1. 

22631—26 


general  practice  of  letting  contracts  in  the  spring 
instead  of  in  the  fall  or  early  winter  has  a  tendency  to 
increase  these  losses.  If  the  contractor  fails  to  secure 
a  contract  at  the  first  spring  letting  a  considerable  por- 
tion of  the  season  may  be  lost  before  another  letting  is 
held;  or  where,  as  is  so  often  the  case,  when  the  earth- 
work and  structures  are  let  as  separate  contracts  these 
contractors  may  fail  to  push  their  work  with  sufficient 
vigor  to  permit  paving  operations  to  begin  as  early  in 
the  spring  as  would  otherwise  be  possible  or  to  carry 
them  on  consistently  during  the  season.  The  actual 
extent  of  these  losses,  however,  is  largely  unknown 
except  as  they  serve  to  reduce  the  length  of  the  average 
construction  season. 

The  present  studies  have,  in  general,  covered  only 
the  more  tangible  losses  occurring  after  the  arrival  of 
the  contractor  on  the  job  in  the  spring  until  work  is 
discontinued  in  the  fall.  Furthermore,  in  these  studies 
only  definite  cessations  of  mixer  operation,  each  of  15 
minutes  or  more  in  duration,  have  been  classed  as  time 
losses.  All  of  the  unnumerable  stops  of  less  than  15 
minutes  each  have  been  considered  rather  as  the  natural 
manifestations  of  slow  or  inefficient  operation  than  as 
due  to  the  more  or  less  accidental  or  fortuitous  causes 
or  circumstances  to  which  we  are  generally  accustomed 
to  ascribe  time  losses.  For  a  full  discussion  of  such 
minor  and  accumulative  time  losses  as  are  due  to 
inefficient  management,  the  reader  is  referred  to  the 
previously  mentioned  series  of  articles  entitled  "Effi- 
ciency in  Concrete  Road  Construction." 

On  this  basis  it  appears  from  the  data  accumulated 
that  what  might  be  termed  the  average  concrete  road 
construction  outfit  from  the  time  it  arrives  on  the  joh 
until  it  is  closed  down  for  the  winter  actually  pours 
concrete  during  less  than  53  per  cent  of  the  available 
working  time  within  this  period.  Nearly  one-half  of 
the  time  the  outfit  is  on  the  job  and  should  be  engaged 
in  productive  work  is  therefore  lost  for  various  reasons. 
Tables  1  and  2  show  the  general  average  distribution  of 
these  time  losses  for  the  past  two  working  seasons. 
The  first  column  of  Table  1  shows  the  percentage  of  the 
total  available  working  time  lost  on  account  of  more 
important  causes,  while  the  second  shows  the  percent- 
age which  each  of  these  causes  contributed  to  the  total 
time  losses.  Table  2  shows  the  percentage  of  the  total 
available  working  time  lost  on  each  of  32  projects  on 
account  of  the  more  frequently  occurring  causes. 

Table  1. — Average  time  losses  by  the  mixer  in  concrete  -paving 
construction 


Percent- 

Percent- 

age of 

age  of 

total 

total 

working 

time 

time 

loss 

21.5 

45.4 

1.8 

10.2 

4.3 

9.0 

4.1 

8.  6 

3.5 

7.4 

2.0 

3.0 

6.3 

1.8 

3.8 

1.1 

2.3 

.5 

1.1 

.2 

.4 

47.4 

100.0 

Cause 


Rain  and  wet  subgrade  01 

Moving,  generally  from  one  set-up  to  another. 

Waiting  for  subgrade  to  bo  prep 

Hauling  equipment  slow  or  inadequ 

All  miscellaneous  causes. 

Mixer  trouble  and  repairs  to  m 

no  materials  at  yard  or  source  of  supply. 

No  water,  pipe  line  and  pump  trouble. 

( 'old  weather. 

Time  limit  on  fills. 

Waiting  on  finishers. 
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Table  2. — Percentage  of  total  available  working  time  lost  on  account  of  various  causes  on  several  projects 


State 

1  >  ili  s  (inclusive) 

'Total 
time 
losses 

Weather  losses 

Moving 

Sub- 
grade 
not 
pre- 
pared 

Haul- 
ing 
equip- 
ment 

Lack 

of 

mate  • 

rial 

Mixer 
trouble 

and 
repairs 

Water 

Time 
limit 
on  fills 

Finish- 
ing 

Load- 
ing 
plant 

Project 

No. 

Rain 
and  wet 
sub- 
grade 

Cold 
weather 

Mis- 
cellane- 
ous 

1 

Mar.  24  to  June  2 

60.3 
44.7 
49.7 
40.3 
43.5 
38.8 
44.7 
29.8 
36.0 
29.4 
25.0 
45.8 
48.4 
62.9 
48.5 
63.6 
46.7 
64.4 
44.8 
57.9 
51.8 
58.0 
41.6 
64.1 
55.8 
34.0 
48.4 
26.0 
55.0 
28.9 
35.0 
50.1 

39.3 
13.5 
45.5 
28.8 
30.0 
23.9 

9.3 
21.6 
25.6 
17.3 
23.7 
25.6 
29.6 
36.0 
21.1 
19.8 
13.3 
12.9 
17.6 
23.0 
14.9 
35.8 

3.5 
26.1 
29.  C 
10.3 
15.8 
.3 
24.7 
20.7 
16.8 
16.0 

3.0 
9.4 

10.5 
.8 
1.3 
1.1 

5.0 
8.5 

2.3 

1.5 

0.6 

0.8 
6.0 
1.4 

2.3 

2 

Oklahoma 

Oct.  27  to  Nov.  19 

10.7 

2.5 

1.8 

3 

Mar.  1  to  Apr.  30 

5.3 
2.2 

.8 

27.5 

.4 

.9 

.6 
.9 
.3 

4 

Missouri 

do 

do 

do. 

do 

do 

do 

Nebraska 

Missouri _. 

do 

.....do 

1.0 
1.9 

1.8 

3.2 

5 

May  2  to  Julv  31.. 

0.7 
1.0 
1.5 

1.8 

3.4 

6 

May  27  to  July  31 

1.3 

1.5 

7 

July  10  to  July  31 

1.4 

3.2 

g 

Apr.  22  to  Sept.  18 

6.2 

5.8 

1.6 

9 

4.6 

10 

Aug.  18  to  Aug.  27 

9.8 

1.4 

.9 

]  1 

Sept.  14  to  Sept.  30 

1.3 

12 

Aug.  10  to  Nov.  19 

3.9 
2.6 

4.9 
6.3 

1.3 
2.8 

15.4 

2.6 

2.0 

.8 

30.8 
1.9 

11.4 
4.0 
1.9 

19.2 

24.6 
3.6 
3.2 
3.6 
8.0 

2.1 
1.7 
.5 
5.3 
5.2 
2.6 

.9 

.4 

4.2 

6.0 

.5 

1.1 

1.1 

1.3 

3.1 

.      2.5 

7.1 

13 

June.  12  to  Nov.  24     . 

3.0 

.8 
4.5 
8.7 
10.4 
2.7 
1.1 

2.9 
1.3 
3.3 

1.1. 

.5 

2.0 

14 

Oct.  9  to  Nov.  24  . 

6.0 

15 

Apr.  30  to  Nov.  7 

2.5 

.2 

5.1 

1.1 

4.1 
12.8 
12.9 

6.3 

1.3 

16 

do 

do 

Mav  18  to  Nov.  6 

4.4 

17 

May  18  to  Nov.  5 

18 

Oct.  9  to  Jan.  19... 

9.7 

6.1 

19 

do 

Mississippi 

Texas 

Apr.  25  to  Jan.  28  . 

8.6 
7.7 
10.7 
9.8 

5.5 

3.0 

10.5 

.4 

.2 

1.3 

2.3 

1.7 

.5 

.8 

3.6 

.3 

.0 

6.0 
.5 

2.2 

20 

Oct.  24  to  Dee.  7 

3.1 

21 

Apr.  16  to  July  31 _ 

2.4 

5.9 

3.4 

22 

do_ 

do 

do 

Missouri 

Michigan 

do 

do 

Missouri 

Oklahoma 

do_ 

do 

Average.  . 

2.4 

23 

.4 
.6 
9.6 
.1 
.9 
3.5 
1.5 

11.0 

4.0 

24 

Aug.  9  to  Aug.  21    . 

11.5 

25 

Mav  24  to  Sept.  25 

7.5 
1.8 

.3 

5.8 

7.9 

1.9 

20.4 

.6" 
.3 

1.3 
13.5 

2.4 
5.0 
1.8 
7.3 

1.0 
.3 

.1 

3.7 

.2 

1.8 

26 

June  7  to  Sept.  11 

5.8 

27 

June  14  to  Sept.  11.. 

6.0 

28 

June  21  to  July  10 

7.3 
.5 

4.2 

29 

June  14  to  Sept.  4 

1.9 

30 

1.6 
1.3 
.4 

1.6 

31 

June  21  to  Julv  31 

8.9 
2.1 

1.4 
.4 

1.6 

6.0 

13.1 

.1 

3.7 

2.6 

32 

Aug.  9  to  Sept.  11 

.8 

47.4 

21.5 

1.1 

4.8 

4.3 

4.1 

3.0 

2.6 

1.8 

.5 

#2 

.6 

2.9 

The  most  striking  item  in  these  tables  is  the  rela- 
tively large  amount  of  time  lost  because  of  rain  and  wet 
subgrade.  It  is  very  difficult  to  determine  just  how 
the  losses  should  be  divided  between  actual  rain  and 
wet  subgrade.  Apparently,  however,  less  than  one- 
fifth  of  the  total  time  losses  here  charged  to  the  com- 
bined causes  were  due  to  the  actual  fall  of  rain  during 
working  hours.  On  one  fairly  typical  job  the  total 
losses  charged  to  rain  and  wet  subgrade  amounted  to 
385%  hours,  and  of  this  total  only  53  hours  were  due 
to  actual  rainfall  during  working  hours.  The  detri- 
mental effect  of  the  rainfall  on  the  subgrade  or  the 
road  or  track  over  which  the  hauling  is  done  is  there- 
fore clearly  the  major  factor  in  this  class  of  time  losses. 

When  so  large  a  proportion  of  the  so-called  rain 
losses  are  caused  by  the  effects  of  rain  rather  than  by 
the  actual  rainfall,  it  becomes  pertinent  to  inquire 
whether  or  not  these  effects  can  in  some  way  be  miti- 
gated so  as  to  reduce  the  time  which  ordinarily  must 
elapse  from  the  cessation  of  the  rainfall  until  operations 
can  be  resumed.  Similarly,  equipment  will  fail  to 
function  or  break  down,  materials  will  fail  to  arrive 
according  to  scheduled  orders,  men  will  quit,  and  a 
hundred  and  one  other  things  can  and  do  happen  to 
delay  or  prevent  the  pouring  of  concrete.  The  total 
of  the  time  losses  from  all  these  various  causes  is  even 
greater  than  the  total  weather  losses,  and  therefore 
these  also  deserve  careful  consideration. 

PREVENTABLE  AND  UNPREVENTABLE  LOSSES 

As  a  matter  of  practical  consideration,  the  time  losses 
and  delays  incident  to  present  methods  of  concrete- 


road  construction  may  be  divided  into  those  which  can 
be  prevented  and  those  which  can  not.  But  such 
prevention  as  may  be  possible  can  only  be  had  by  the 
exercise  of  considerable  thought  and  attention  and  at 
some  cost.  The  problem  therefore  becomes,  in  part, 
one  of  balancing  the  probable  losses  against  the  prob- 
able gains. 

Table  3  gives  in  detail  the  time  losses  on  a  typical 
job  during  a  period  of  three  weeks.  On  this  project 
there  were  a  number  of  time  losses,  amounting  in  the 
aggregate  to  433^  hours,  which  a  little  foresight  and 
careful  attention  on  the  part  of  the  management  would 
have  entirely  eliminated  or  greatly  reduced.  For 
example,  the  spare  mixer  cable  could  just  as  readily 
have  been  carried  with  the  mixer  as  left  at  the  main 
office,  and  the  wait  of  an  hour  and  a  quarter  could  thus 
have  been  eliminated  without  extra  cost.  Similarly, 
when  the  new  cable  was  installed  the  clamps  could 
have  been  properly  tightened  just  as  readily  as  not  and 
3  hours  and  50  minutes  of  further  loss  could  thus  have 
been  prevented.  On  the  other  hand,  a  few  planks  to 
bridge  the  heavy  trucks  over  occasional  soft  spots  in  the 
subgrade  would  have  required  some  outlay  in  the  first 
instance  and  would  have  entailed  some  expense  for 
keeping  them  with  the  outfit  and  available  as  needed, 
but  this  expense  would  have  been  small  in  comparison 
with  the  value  of  the  3J^  hours  lost  because  of  their 
absence.  Table  4  contains  a  summary  of  the  time  losses 
on  this  job  for  a  period  of  four  months,  classified  so  as  to 
group  together  those  which  were  unavoidable  on  the 
one  hand,  and  those  which  could  have  been  avoided 
by  intelligent  management  on  the  other. 
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Perhaps  one  of  the  major  reasons  why  so  few  road 
contractors  make  any  really  systematic  effort  to  reduce 
their  time  losses  is  that  they  do  not  know  with  any 
certainty  the  probability  of  such  losses  under  given 
conditions.  All  contractors,  of  course,  know  that  time 
losses  and  delays  do  occur  and  that  they  maker  serious 
inroads  into  their  expected  or  hoped-for  profits.  But, 
in  general,  such  disruptions  of  their  production  plans 
or  schedules  are  usually  charged  simply  to  luck  or  to 
the  impossibility  of  foreseeing  or  preventing  them. 

Yet  a  number  of  such  disruptions  and  delays  can  be 
shown  to  have  a  sufficiently  high  probability  to  be 
worthy  of  very  serious  consideration.  Table  2,  which 
is  a  summary  of  the  time  losses  on  32  projects  for  more 
or  less  extended  time  periods,  shows  that  while  no  two 
jobs  suffered  exactly  to  the  same  extent  or  in  the  same 
way,  yet  none  escaped  losses  of  rather  serious  propor- 
tions. The  most  common  losses  were  from  rain  and 
wet  subgrade  even  on  jobs  which  ran  for  comparatively 
short  periods  during  midsummer,  but  all  weather  losses 
together  and  the  moving  loss,  which  is  generally  una- 
voidable, account  for  only  a  little  more  than  half  of  the 
total  delay  on  the  average  project.  Of  the  other  losses, 
which  are  largely  avoidable,  the  most  serious  were 
those  caused  by  lack  of  prepared  subgrade,  by  insuffi- 
ciency or  breakdown  of  the  hauling  equipment,  by  lack 
of  materials,  and  by  mixer  and  water  troubles.  Of  the 
32  projects  listed  in  Table  2,  27  suffered  to  a  greater  or 


Table  3.- 


-Time  losses  on  a  typical  job  classified  as  avoidable  and 
unavoidable 


Time  losses 

Date 

Unavoid- 
able 

Avoid- 
able 

Cause 

July    5 

Hrs.  Min. 

Hrs.  Min. 

1  00 

2  15 
1    30 

30 

3  00 

Lack  of  subgrade. 

Finishing  machine  off  of  forms;  poor  forms. 

July     G 

Water  pump  out  of  order. 

Late  start. 

Mixer  operator  sick;  no  substitute  provided- 

1 

10 
3 
5 

10 
6 

30 
30 
30 
45 
30 
45 

Rain. 

July     7 

Wet  subgrade. 

July     8 

Do. 

Rain. 

July     9 

Wet  subgrade. 

July  10 

Do. 

1 
1 

2 

00 
30 
00 
40 
20 

Setting  forms. 

July  11 

Soft  spot  in  subgrade;  no  planks  available. 

Roller  trouble  due  to  neglected  repairs. 

July  12 

Lack  of  subgrade. 

Water  trouble. 

3 

30 

Gasket  blown  on  mixer  engine. 

July  13 

1 

30 
00 

Water-pump  trouble  due  to  neglected  repairs. 

Resetting  forms;  faulty  engineering. 

1 

00 

Moving  mixer  over  bridge. 

July  14 

1 
1 

45 
15 
45 
15 

Lack  of  subgrade. 

Water  trouble. 

July  15 

Do- 

30 

Mixer  cable  broken;  had  to  send  4  miles  for  new  cable. 

1 

Replacing  mixer  cable. 

1 
1 
4 
3 

1 

1 
1 

1 

1 

1 
1 
1 

1 

00 
00 
00 
45 
30 
00 
30 
00 

30 
15 
30 
30 
30 

oc 

00 
00 
00 
15 
30 
15 
15 
20 
40 

Lack  of  subgrade. 

July  16 

Water  trouble. 

Lack  of  subgrade. 

July  17 

Do. 

Finishing-machine  trouble;  poor  forms. 

July  19 



Water  trouble. 

Finishing-machine  trouble;  poor  forms. 

Mixer  cable  pulled  loose;  not  properly  tightened 

July  20 

when  installed. 
Mixer  cable  again  pulled  loose. 

Loader  trouble. 

Lack  of  subgrade;  fault  of  inspector. 

Water  trouble. 

Finishing-machine  trouble;  poor  forms. 

July  21 

Soft  spot  in  subgrade;  no  planks  available. 

Lack  of  trucks. 

July  22 

Cleaning  water  tank. 

Soft  spot  in  subgrade;  no  planks  available. 

Loader  trouble. 

July  23 

Truck  mired  down  at  stock  pile. 

Mixer  out  of  gas. 

Poor  inspection. 

July   24 

Mixer  cable  pulled  loose  again. 

Lack  of  subgrade. 

Total. 

44 

30 

43 

30 

less  degree  from  lack  of  prepared  subgrade,  23  from 
insufficiency  of  hauling  equipment,  14  from  material 
shortage,  25  from  mixer  trouble,  and  24  from  water 
trouble. 

There  are  therefore  three  important  questions  con- 
fronting the  contractor:  (1)  The  kind,  persistence,  and 
extent  of  his  present  time  losses;  (2)  the  cost  of  such 
losses;  and  (3)  the  cost  and  certainty  of  the  measures 
which  may  be  adopted  to  eliminate  or  reduce  the  loss. 

No  two  jobs  exhibit  exactly  the  same  conditions.  The 
data  presented  in  this  paper  merely  illustrate  tenden- 
cies and  possibly  indicate  very  roughly  the  average 
probabilities.  Each  contractor  should  keep  an  accurate 
daily  record  as  to  the  amount  and  cause  of  all  losses, 
and  this  record  should  be  summarized  weekly,  monthly, 
and  for  the  job  and  season.  Such  data  will  soon  form  a 
real  working  basis  from  which  to  judge  the  value  of 
efforts  to  reduce  the  losses  shown  to  be  occurring  on  his 
own  jobs.  General  averages  as  well  as  particular  data 
from  jobs  other  than  his  own,  unless  all  the  attendant 
conditions  are  known,  are  apt  to  prove  misleading  if 
they  are  considered  as  other  than  general  indications 
of  the  possibility  of  loss. 

TIME  LOSSES  EXPENSIVE 

Many  contractors  fail  to  realize  the  actual  extent  of 
the  losses  incurred  when  production  is  interrupted. 
The   amount   appearing   on   the   pay   roll   is   usually 

Table  4. — Analysis  of  time  losses  during  the  working  season  on 
one  job  from  May  25  through  September  25,  1926  l 

Total  time  mixer  operated  during  the  construction      Hrs.  Mins. 
season 447     50 

Time  lost  in  avoidable  delays: 

Water  trouble:  Old  water  pumps;  old  2-inch  pipe 

line  and  inadequate  supply  of  pipe  line 87  30 

Preparing  the  fine  grade  ahead  of  and  in  the  rear 

of  the  mixer 62  3 

Truck  shortage 32  35 

Improper  subgrade  drainage 35  30 

Mixer  trouble 19  0 

Making  unnecessary  move  with  paving  outfit..  17  0 

Repairing  old,  worn-out  subgrade  roller 9  30 

Poor  engineering  and  inspection 9  0 

Using  old  forms  that  would  not  support  the 

finishing  machine 7  55 

Getting  late  start  in  morning 5  40 

Miscellaneous  delays 4  12 

Outfit  stopped  work  for  an  expected  rain;  no 

rain  came 2  45 

Setting  up  new  finishing  machine 2  30 

Using  2  old  worn-out  finishing  machines 1  40 

Loaders  at  loading  plant 45 

Total  avoidable  delay 297     35 

Total  time  mixer  should  have  operated  during 

the  construction  season 745     25 

Time  lost  in  unavoidable  delays: 

Wet  subgrade  due  to  previous  rain 297  25 

Rain  during  working  hours. 53  0 

Moving  outfit  to  new  location 54 

Mixer,  mechanical  trouble 13  10 

Miscellaneous  delays 1  15 

Total  unavoidable  delay 419       5 

Total  number  of  working  hours  in  construction 
season  from  May  25  to  Sept,  26,  1926  (aver- 
age length  of  working  day,    10  hours  30 

minutes) h  1C4     30 

Miles 
Total  production  during  construction  season 8.  56 

i  Delays  of  less  than  15  minutes  duration  occurring  during  the  hours  that  t  he  mixer 
was  in  operation  are  not  shown  in  this  analysis. 
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accepted  as  the  measure  of  these  losses,  whereas  it  is 
far  from  the  true  measure.  On  a  job  on  which  the  pay 
roll  amounts  to  only  from  $200  to  $300  a  day,  the  total 
fixed  charges  which  must  be  met  during  the  working 
season  may  readily  amount  to  from  $15,000  to  $20,000. 
Included  in  these  fixed  charges,  in  addition  to  the 
straight-time  or  continuing  pay  roll,  are  the  interest  and 
depreciation  on  plant  and  equipment  which,  on  a  mod- 
ern job  involving  pavement  construction  only,  may 
readily  exceed  $50,000  and  even  reach  $100,000.  As 
improved  equipment  is  constantly  being  introduced 
and  as  the  up-to-date  contractor  feels  that  he  must 
keep  step  with  such  improvements,  the  amount  of  the 
fixed  charge  for  equipment  is  a  product  of  obsolescence 
rather  than  wear  and  tear,  and  depreciation  is  properly 
chargeable  on  a  straight-time  rather  than  an  actual 
operating-time  basis.  And  the  same  is  true  of  the  other 
fixed  charges,  including  insurance,  taxes,  truck  licenses, 
the  cost  of  securing  the  job,  and  getting  to  and  from  it, 
and  no  inconsiderable  part  of  the  pay  roll — all  are 
practically  fixed  for  the  season  and  independent  of  the 
number  of  hours  of  actual  production. 

All  these  costs  and  expenses  as  well  as  the  profits 
expected  must  be  earned  during  the  hours  of  actual 
production;  and,  as  has  been  stated,  the  fixed  charges 
may  readily  amount  to  from  $15,000  to  $20,000. 
Consequently,  if  concrete  can  be  poured  during  1,000 
hours  the  fixed  costs  will  average  somewhere  between 
$15  and  $20  per  hour;  and  if  only  500  hours  can  be  so 
utilized  during  the  season  the  hourly  charge  to  pay 
these  fixed  costs  must  be  raised  to  $30  or  $40  per  hour. 
Obviously,  with  fixed  charge  so  heavy  little  or  nothing 
is  left  for  profits,  even  though  the  hourly  rate  of  produc- 
tion be  fairly  high.  Hence  it  follows  that  every  hour 
of  available  time  which  can  be  converted  from  non- 
production  into  normal  production  represents  a  very 
definite  financial  gain  to  the  contractor. 

Some  kinds  of  time  losses  are  more  expensive  than 
others.  Thus,  interruptions  to  actual  production, 
such  as  waiting  for  trucks  or  trains  to  deliver  materials, 
waiting  while  subgrade  is  prepared  or  while  a  break  in 
the  water  pipe  line  is  being  repaired,  usually  involve 
lull-time  payment  of  the  entire  crew;  whereas  full  or 
half  day  lay  offs  because  of  more  prolonged  interrup- 
tions, such  as  rain  and  wet  subgrade,  failure  of  mate- 
rials to  arrive  at  the  yard  or  serious  breakdowns  of 
the  controlling  equipment,  usually  involve  only  the 
full-time  payment  of  a  comparatively  small  portion 
of  the  personnel.  If,  therefore,  the  lay  off  is  not  pro- 
tracted it  may  be  less  expensive  than  the  numerous 
short-time  interruptions  which  occur  during  the  work- 
ing day.  If,  on  the  contrary,  it  is  prolonged,  men  are 
apt  to  quit  and  the  organization  otherwise  becomes 
more  or  less  disrupted  and  then  a  serious  loss  results. 
Very  rarely  do  we  find  production  during  the  first  day 
after  a  protracted  period  of  idleness  proceeding  at  its 
normal  rate.  Sometimes  the  effect  is  clearly  apparent 
for  two  or  three  days. 

LOSS  CAN  BE  REDUCED  BY  CAREFUL  MANAGEMENT 

To  what  extent  and  with  what  degree  of  success 
the  various  kinds  of  time  losses  can  be  reduced  will 
depend  very  largely  on  the  ingenuity  and  resourceful- 
ness exercised  by  the  management.  Poor  management 
is  certain  to  produce  proportionately  large  time  losses. 
Conversely,  the  employment  of  a  really  high-grade, 
able  job  superintendent  is  the  best  insurance  against 
excessive  losses  from  these  causes  as  well  as  the  best 


and  probably  the  only  road  to  really  consistent  and 
efficient  production. 

Intelligent  production  managers  have  long  sought 
to  prevent,  or  at  least  to  reduce,  interruptions  and 
delays  through  a  careful  planning  of  the  details  and 
sequence  of  every  operation,  together  with  an  intelli- 
gent forecast  of  the  difficulties  which  may  be  encountered 
and  the  means  to  be  adopted  for  their  elimination.  In 
such  work  it  is  not  uncommon  to  find  considerable 
expenditures  devoted  entirely  to  decreasing  or  pre- 
venting the  possibility  of  certain  probable  delays  or 
interruptions.  The  justifiable  limit  of  such  expendi- 
tures is  dependent  on  the  cost  which  such  interruptions 
or  delays  would  incur,  the  probability  of  their  occur- 
rence, and  the  degree  of  certainty  with  which  they  can 
be  decreased  or  eliminated.  In  other  words,  expendi- 
tures of  this  kind  are  wise  and  profitable  up  to  some 
point  less  than  the  lower  limit  of  their  actual  insurance 
value.  Beyond  that  point  it  is  better  to  accept  the 
loss  if  it  comes  than  to  make  the  relatively  large 
expenditures  necessary  for  reducing  the  probability 
of  its  occurrence. 

To  some  extent  these  modern  management  methods 
in  regard  to  interruptions  and  delays  to  production 
are  in  general  use  in  concrete  road  construction. 
Thus,  cement  and  often  sand  and  stone  or  gravel  are 
ordered  well  in  advance  of  all  probable  construction 
requirements  as  a  simple  matter  of  insurance  against 
delays  due  to  the  possible  failure  of  such  materials 
to  arrive  in  exact  conformity  with  the  construction 
requirements.  The  cost  of  the  extra  handling,  interest 
charges,  stock-pile  losses,  etc.,  are  often  considerable. 
Yet  many  contractors  find  the  incurrence  of  these 
extra  costs  a  profitable  venture.  Many  contractors 
also  make  it  a  practice  to  carry  in  stock  on  the  job  a 
supply  of  certain  repair  parts  for  the  controlling  equip- 
ment, and  find  that  they  are  able  thereby  greatly  to 
reduce  many  delays  that  otherwise  would  prove  long 
and  costly. 

These  are  some  of  the  lines  which  concrete  road 
contractors  have  rather  generally  adopted  in  their 
efforts  to  insure  continuity  of  production.  Whenever 
intelligently  applied  in  conformity  with  the  require- 
ments of  the  particular  job  the  results  have  generally 
been  satisfactory.  The  data  assembled  by  the  Bureau 
of  Public  Roads  during  the  past  two  years  clearly 
show  the  benefit  of  such  precautions  and  point  to 
other  fields  in  which  modern  management  methods 
might  possibly  find  further  extension  with  equally 
beneficial  results. 

SUBGRADE  DRAINAGE  SAVES  MONEY 

Examples  of  points  at  which  a  beginning  for  such 
extension  might  be  made  will  readily  come  to  mind. 
Thus,  on  one  job  during  the  past  summer  35^2  hours 
of  possible  mixer  operation  were  lost  because  of  the 
continued  failure  to  provide  means  for  subgrade  drain- 
age. Forty  cents  worth  of  common  labor  each  day  of 
the  hundred  or  more  in  the  working  season  would  have 
made  ample  provision  for  any  water  which  might  fall 
during  the  night  to  escape  to  the  side  ditches.  But  no 
provision  was  made,  with  the  result  that  during  each 
rain  water  collected  between  the  forms  as  in  a  pond 
until  such  time  as  men  could  be  sent  out  to  dig  the 
necessary  outlets.  During  one  10-day  period  this 
occurred,  three  times.  Here,  then,  is  a  case  where 
about  $50  worth  of  common  labor  plus  a  small  amount 
of  direction  and  forethought  would  have  saved  the  con- 
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tractor  during  the  season  at  least  35  hours  for  additional 
production— worth  in  this  particular  case  at  least 
$1,200.  This  one  item  may  also  offer  some  explanation 
as  to  why  this  contractor  out  of  a  total  of  1,164^  avail- 
able hours  from  the  opening  of  the  season  until  Sep- 
tember 26  succeeded  in  utilizing  only  448  hours  in 
actual  production.  Of  the  total  time  losses,  386  were 
charged  to  rain  and  wet  subgrade,  although  rain  actu- 
ally fell  only  during  53  hours  of  the  working  time. 
Further  details  of  this  project  are  given  in  Table  4. 

It  is  in  meeting  and  overcoming  conditions  of  this 
land  that  intelligent,  resourceful  management  will  find 
its  greatest  field  of  economic  usefulness.  Better 
methods  for  providing  surface  drainage  as  well  as  for 
handling  the  actual  operations  of  subgrading  and  form 
setting  with  a  view  to  mitigating  the  effects  of  rainfall 
are  undoubtedly  possible.  Such  methods  might,  in  the 
first  instance,  be  considerably  more  expensive  than  the 
prevailing  methods  and  yet  prove  economical  providing 
they  can  be  shown  to  be  dependable  in  materially 
reducing  the  time  losses  below  the  normal  expectancy 
under  present  methods. 

Frequently  the  roads  over  which  the  materials  for 
new  construction  must  be  hauled  are  unimproved  or 
in  a  very  bad  state  of  repair.  Roads  of  this  kind  require 
a  considerable  amount  of  well-directed,  systematic 
maintenance  to  make  possible  such  orderly  operation 
of  the  hauling  equipment  as  will  eliminate  mixer  delays 
without  the  use  of  a  large  oversupply  of  trucks.  Such 
maintenance  is  also  usually  essential  to  the  early 
resumption  of  hauling  after  rains.  Yet,  in  spite  of 
these  well-known  prerequisites  and  the  further  well- 
known  fact  that  such  maintenance  will  often  more  than 
pay  for  itself  in  lower  hauling  costs  and  less  wear  and 
tear  to  the  equipment,  one  rarely  finds  a  contractor 
who  makes  even  a  pretense  of  systematic  maintenance. 
In  the  few  cases  which  came  under  the  observation 
of  bureau  representatives,  where  maintenance  was 
attempted  it  was  generally  assigned  to  some  one 
entirely  without  experience  in  the  work.  Possibly  it  is 
the  fact  that  this  is  generally  the  case  that  is  responsible 
for  the  idea,  firmly  established  among  road  contractors, 
that  the  maintenance  of  unimproved  roads  will  not 
pay.  The  probability  that  it  will  pay  if  it  is  properly 
handled  is  indicated  by  the  fact,  that,  on  the  typical 
projects  observed  by  the  bureau  representatives 
during  the  past  two  years,  an  average  of  8.6  per  cent 
of  the  total  time  losses  was  caused  by  the  hauling 
equipment.  This  does  not  include  the  time  losses 
due  to  the  road  being  too  wet  or  soft  for  hauling, 
although  the  subgrade  was  dry  enough  to  permit  the 
pouring  of  concrete.  The  total  losses  suffered  under 
this  condition  are  not  known.  As  the  distinction  is 
rather  difficult  to  make,  such  losses  are  generally 
charged  to  rain  and  wet  subgrade.  However,  there 
was  one  job  on  which  the  distinction  was  made;  and 
on  that  job,  which  showed  about  an  average  distribu- 
tion of  time  losses,  more  than  10  per  cent  of  the  total 
losses  charged  to  rain  and  wet  subgrade  were  really 
due  to  the  fact  that  the  hauling  road  was  too  wet  or 
soft  for  operation  of  the  hauling  equipment.  On  this 
job  the  contractor  lost  about  $150  per  month  because 
the  road  did  not  dry  sufficiently  fast  to  permit  hauling 
as  soon  as  the  subgrade  was  dry  enough  for  pouring 
concrete.  Careful,  systematic  maintenance  would, 
no  doubt,  largely  have  eliminated  this  loss. 


OTHER   PREVENTABLE  LOSSES 

_  Moving  from  one  set-up  to  another  during  the  work- 
ing season  seems  to  consume  much  more  time  than  is 
generally  believed .  The  average  for  all  the  jobs  studied 
during  the  past  two  years  was  10.1  per  cent  of  the  total 
time  losses,  the  second  largest  item  on  the  list.  Some- 
times more  moves  are  made  than  conditions  really  war 
rant.  The  economic  factors  involved  in  determining 
the  number  of  set-ups  which  should  be  made  on  a  given 
job  are  fully  discussed  in  previous  issues  of  this  maga- 
zine.2 The  amount  of  time  consumed  in  making  these 
moves,  however,  seems  to  be  so  large  that  a  considerable 
reduction  should  be  possible  when  the  contractor  fully 
understands  the  actual,  monetary  loss  incurred  every 
day  his  equipment  is  nonproductive.  In  selecting 
equipment  one  of  the  factors  which  should  be  given 
careful  consideration  is  that  of  mobility  or  ease  of  dis- 
mantling, transporting,  and  reassembling,  not  only  of 
individual  units  but  also  for  the  entire  plant.  The 
various  details  of  the  entire  operation  of  moving  should 
be  planned  as  carefully  as  the  operations  involved  in  the 
placing  of  the  concrete. 

Waiting  for  the  subgrade  to  be  prepared  accounted 
for  9  per  cent  of  the  total  time  losses  on  the  projects 
studied.  These  losses  should  be  possible  of  entire 
elimination.  With  very  few  exceptions  they  are  wholly 
chargeable  to  poor  management.  On  the  average  job, 
as  shown  by  these  studies,  their  entire  elimination  would 
be  worth  from  $2,000  to  $3,000  per  season — a  sum  suffi- 
cient to  more  than  pay  the  difference  in  salary  as 
between  a  poor  and  a  good  superintendent. 

The  remaining  time  losses,  such  as  those  due  to  poorly 
operated  or  insufficient  hauling  equipment,  mixer 
trouble,  lack  of  materials  at  the«  supply  yard,  water 
supply,  and  the  various  miscellaneous  causes,  all  of 
which  comprise  about  33  per  cent  of  the  total  average 
time  losses  or  about  16  per  cent  of  the  total  available 
time,  are  also  very  largely  a  question  of  management. 
Few,  if  any,  of  these  losses  can  be  entirely  eliminated 
without  incurring  excessive  expenditures.  But  there 
would  seem  to  be  little  reason  to  doubt  that  all  can  be 
reduced  and  some  very  materially.  This  is  shown  so 
clearly  on  the  observed  jobs  on  which  the  management 
was  of  an  especially  high  order  as  to  be  subject  to  little 
or  no  question. 

Thus,  on  one  job  blessed  with  an  exceptionally  able 
superintendent  but  otherwise  fairly  typical  of  the  many 
jobs  studied,  the  total  time  losses  from  all  causes  dur- 
ing the  period  from  April  22  to  September  18,  inclusive, 
consumed  less  than  30  per  cent  of  the  total  available 
working  time  as  compared  to  47  per  cent  for  the  aver- 
age job.  (See  Table  2,  project  8.)  As  the -season  was 
rather  rainy  and  the  soil  a  heavy  clay,  the  losses  due 
to  rain  and  wet  subgrade  were  about  average,  or  21.6 
per  cent.  Moving  from  one  set-up  to  another,  or  from 
one  section  to  another,  also  required  about  the  normal 
amount  of  time;  but  all  other  time  losses  were  reduced 
to  a  remarkably  low  percentage,  and  some  were  elimi- 
nated entirely.  Thus  no  time  was  lost  waiting  for 
subgrade  to  be  prepared  nor  from  faulty  operation  of 
the  mixer,  nor  because  of  the  water  supply.  In  fact, 
the  total  time  losses  on  this  job  during  the  period  indi- 
cated from  all  causes  other  than  rain,  wet  subgrade, 

2  "Efficiency  in  Concrete  Road  Construction,"  Public  Roads,  vol.  6,  Nos.  9,  10, 
11,  12;  vol.  7,  No.  1. 
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Fig.  1. — Rainfall  and  Time  Losses  from  Rain  and  Wet  Subgrade  on  Job  Near  Columbia,  Missouri,  from  May  29  to 

September  25,  1926 


and  moving  amounted  to  only  2  per  cent  of  the  total 
potentially  available  working  time  as  compared  with 
20  per  cent  of  the  available  working  time  lost  from 
these  causes  on  the  average  job  during  the  season. 

Even  in  the  short  working  season,  of  1,500  available 
hours,  this  decrease  of  the  nonproductive  time  from 
300.  hours  for  the  average  job  to  only  28^  hours  on 
this  particular  job  represented  an  actual  money  value 


of  more  than  $8,000  if  we  consider  only  the  direct  loss 
the  firm  would  have  sustained  if  the  outfit  had  remained 
idle  the  longer  period.  But  on  this  job  the  rate  of 
production  was  exceptionally  high,  not  just  for  short 
periods  but  was  so  maintained  consistently  throughout 
the  entire  season.  Thus  ever  hour  of  available  work- 
ing time  utilized  in  actual  production  doubtless  rep- 
resented   a    considerable   profit.     While    this   project 
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JUNE 
TOTAL  PRECIPITATION,  INCHES  3  45 
NORMAL  PRECIPITATION  INCHES  3  84 
NO.  OF  OAYS  PRECIPITATION  3 

NO  OF  OAYS  CLEAR  |4 
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WEATHER  DATA 

BASEOON  NEARER  STATION 
SEPT. 
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JUNE        JULY      AUG.      SEPT 

NO  OF  OAYS  PARTLY  CLOUDY        6  7  7  6      

TOTAL  RAINFALL,  JUNE  7  TO  SEPTEMBER  II,  INCLUSIVE,  9  3  INCHES 
HOURS  LOST  DUE  TO  RAIN  AND  WET  SUBGRADE    1115 
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2.— Rainfall  and  Time  Losses  from  Rain  and  Wet  Subgrade  on  Job  in  Bowie  County,  Texas,  from  June  7  to 

September  11,  1926 


Table  5. — Time  losses,  in  hours,  in  summer  and  fall 


Project 
No. 


Dates  (inclu  live) 


Available  working 
hours 


July  1  to  31. 
Oct.  1  to  31- 
July  1  to  31. 
Oct.  1  to  31. 
July  1  to  31. 
Oct.  1  to  31. 
July  1  to  31. 
Oct.  1  to  31. 
July  1  to  31. 
Oct.  1  to  31. 


Grand  total. 
Total  for  July. 
Total  for  October 


Mixer 

in 

operation 


212.5 
76.0 
188.5 
117.5 
186. 0 
134.0 
155.0 
110.5 
165.  75 
118.0 


1,  463.  75 
907.75 
556.0 


Mixer 
idle 


74.5 
215.0 

72.0 
146.0 

99.0 
265.  5 
142.0 
206.5 
104.  25 
1«9.0 


1, 493.  75 

491. 75 

1, 002.  0 


Lost  lime 


Rain,  wet 

subgrade, 

etc. 


46.0 
171.0 
28.0 
39.0 
12.0 
150.0 
22.0 
127.0 


79.0 


674.0 
108.0 
566.0 


MoviDg 


38.0 

53.0 

32.0 

69.0 

20.5 

66.75 

10.0 


289. 25 
188.75 
100.5 


Subgrade 
not  pre- 
pared 


10.75 

1.0 

13.0 


9.0 


33.75 
23.75 
10.0 


•Hauling 
equip- 
ment 


2.0 
1.0 
2.75 
22.25 
10.0 


29.5 
13.0 
25.75 
17.0 


123.25 
70.0 
53.25 


Lack  of 
materials 


21.75 
28.0 


49.75 
21.75 
28.0 


Mixer 
trouble 
or  repair 


16.0 
3.0 
4.75 
9.5 
2.0 
36.5 
21.5 
8.0 
7.75 


[09  ii 
52.0 
57.0 


Water 


53.0 
2.0 
8.0 


4.0 


17.0 
15.0 
2.0 


*2tte     Finishi"? 


40.0 


2.0 


47.0 
"3.6 
~63."6' 


153.0 


1.0 
0.75 


153.0 


3.75 

3.0 

0.75 


Miscel- 
laneous 


8.5 


5.5 
1.0 


26.0 


41.0 
9.5 
31.5 


offers  the  most  outstanding  example  of  the  benefits  of 
good  management  so  far  encountered,  it  differs  from 
several  others  only  in  degree.  All  the  studies  indicate 
that  the  relative  size  of  the  preventable  time  loss  re- 
corded is  a  fairly  good  indication  of  the  quality  of  the 
management  on  the  job.  Poor  management  seems  to 
be  invariably  associated  with  relatively  large  prevent- 
able or  reducible  time  losses,  while  under  able  manage- 
ment these  time  losses  are  reduced  to  relatively  minor 
importance. 

WHAT   OF   THE    WEATHER    LOSSES? 

Rainfall  and  its  effects  on  the  subgrade  and  the  road 
or  track  over  which  the  materials  are  hauled,  together 
with  frost  and  cold  weather,  was  the  cause  of  nearly 
one-half  of  the  average  time  lost  on  all  jobs  studied. 
These  losses  naturally  vary  greatly  from  job  to  job.  A 
sandy  or  gravelly,  porous  soil  will  dry  far  more  quickly 
than  a  heavy  clay  or  silt.  The  amount  and  distribu- 
tion of  rainfall  also  differs  from  place  to  place.  No 
constant  relation  between  the  amount  of  rainfall  and 
the  time  lost  because  of  rain  and  wet  subgrade  is 
therefore  to  be  expected.  However,  it  may  be  possible 
under  given  conditions  to  approximate  the  probable 
loss  of  time  by  consultation  of  past  rainfall  records, 
and  such  a  forecast  is  valuable  as  an  estimating  guide 
even  if  nothing  can  be  done  to  reduce  the  time  loss. 

To  ascertain  what  relation  existed  on  the  projects 
observed  a  number  of  them  were  selected  for  special 


study  with  this  point  in  mind.  No  attempt  was  made 
to  measure  the  rainfall  actually  occurring  on  the  job; 
but  data  were  obtained  from  the  nearest  weather 
station  for  the  period  of  the  job.  In  some  cases  the 
stations  were  located  very  close  to  the  job.  But,  as 
rainfall  often  varies  considerably  in  a  short  distance, 
there  "can  be  no  definite  assurance  that  the  records 
represent  the  exact  rainfall  as  it  occurred  on  the  road. 
Nor  is  assurance  necessary.  The  contractor  or  super- 
intendent who  wishes  to  learn  something  of  the  weather 
that  may  be  expected  on  a  prospective  job  in  order  that 
he  may  make  a  suitable  allowance  for  delays  and  be 
prepared  to  meet  and  overcome  the  resulting  difficul- 
ties generally  will  have  no  more  definite  source  of 
information  than  the  past  records  of  the  nearest 
weather  recording  station.  As  kept  by  most  stations, 
these  data  show  the  rainfall,  temperature,  and  state  of 
weather  during  each  24  hours,  and  the  normal  or 
average  condition  for  each  month — all  of  which  may 
be  of  importance  in  forecasting  the  probable  conditions 
on  any  given  job. 

Figure  1  shows  the  weather  and  rainfall  during  the 
past  season  on  one  road  that  was  largely  on  new  loca- 
tion. The  soil  beneath  the  surface  was  fairly  heavj 
clay  on  the  hills  and  heavy  silt  or  gumbo  along  the 
streams.  About  the  only  indicated  relation  is  that  a 
half  inch  or  more  of  rainfall  caused  a  delay  of  at  least 
one  entire  working  day.  Smaller  rainfall,  if  limited 
to  one  day,  apparently  caused  relatively  large  or  small 
time  losses  depending  on  the  time  of  day  when  it 
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WEATHER  DATA 
BASED  ON  NEARER  STATION 
APRIL     MAY     JUNE    JULY    AUGUST 
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Fig.  3. — Rainfall  and  Time  Losses  from  Rain  and  Wet  Subgrade  on  Job  in  Bowie  County,  Texas,  from  April  16  to 
August  15.  Rainfall  at  Nearest  Station  to  the  East  Shown  bv  Full  Lines  and  that  at  the  more  Distant  Station 
to  the  West  Shown  by  Dash  Lines 


occurred.  For  the  period  May  29  to  September  25, 
inclusive,  we  find  that  an  average  of  19.4  hours  working 
time  were  lost  for  each  inch  of  rainfall. 

Figure  2  shows  another  job  located  on  an  old  right 
of  way  and  a  somewhat  lighter  soil.  Here,  apparently, 
a  rainfall  of  nearly  ^  of  an  inch  was  necessary  to  cause 
a  delay  of  a  full  working  day.  Here  also,  for  the  period 
involved,  the  average  time  lost  per  inch  of  rainfall  was 
only  12  hours. 


Figure  3  shows  the  rainfall  as  recorded  at  two  sta- 
tions between  which  another  project  was  located.  It 
will  be  noted  that  the  rainfall  was  considerably  different 
at  these  two  stations  and  that  the  time  losses  on  the 
project  do  not  correspond  very  closely  to  what  would 
be  expected  from  the  rainfall  measured  at  either 
station.  The  last  time  loss  of  three  full  days  was 
largely  due  in  the  first  part  to  a  local  rain  which  did 
not  extend  to  either  station.     Based  on  the  rainfall  as 
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WEATHER  DATA 

8ASED  ON  NEARER  STATION 

JUNE.      JULY 


TOTAL  PRECIPITATION,  INCHES  3.19        4  67 

NORMAL  PRECIPITATION.INCHES         3.51        2  90 
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Fig.  4. — Rainfall  and  Time  Losses  from  Rain  and  Wet  Subgrade  on  Job  Near  Guthrie,  Oklahoma,  June    21  to 

July  31,  1926 


recorded  at  the  nearest  weather  station,  and  eliminating 
the  time  loss  due  to  the  local  rain,  we  find  that  each 
inch  of  rainfall  during  the  period  involved  caused  an 
average  loss  of  15.0  hours  of  working  time  while  if  wc 
use  the  rainfall  at  the  other  station  as  a  basis  only  12.2 
hours  of  working  time  were  lost  per  inch  of  rainfall. 
Figure  4,  illustrates  further  the  relation  between  rainfall 
and  the  working  time  lost  to  actual  production. 

FALL   WEATHER  LOSSES   LARGE 

There  are  so  many  variable  factors  which  enter  into 
the  relation  between  rainfall  and  time  losses  that  the 
data  so  far  available  from  the  present  studies  warrant 
no  definite  conclusions  except  in  regard  to  one  point; 
namely,  that  an  equal  amount  of  rainfall  and  equal 
distribution  imder  a  given  condition  will  cause  a  much 
longer  delay  in  the  fall  or  early  spring  than  in  the 
summer.  Consequently,  the  contractor  who  permits 
possible  hours  of  summer  operating  time  to  escape  in 
the  hope  of  making  up  lost  time  by  operating  a  little 
later  in  the  fall  or  starting  operations  a  little  earlier 
the  next  spring  is  gambling  against  heavy  odds. 
Table  5  gives  the  time  losses  on  a  number  of  fairly 
typical  jobs  for  the  months  of  July  and  October, 
respectively.  Here  we  find  that  in  spite  of  numerous 
attempts  to  work  overtime  on  good  days  in  October 
the  time  losses  averaged  64  per  cent  in  October  as 
against  35  per  cent  in  July  for  these  jobs.  This 
difference  is  almost  entirely  due  to  the  time  losses 
caused  by  rain,  cold  weather,  and  wet  subgrade. 

The  time  of  day  at  which  rainfall  occurs,  its  intensity 
or  duration,  as  well  as  the  time  between  rainfalls  prob- 
ably under  some  conditions  affect  the  amount  of  time 
lost   more    than    the    actual    amount   of   the   rainfall. 


Comparatively  small  rainfall  occurring  during  working 
hours  will  stop  work  and  if  falling  on  a  subgrade  but 
little  past  the  point  permitting  work  will  generally 
cause  a  much  longer  delay  than  the  same  amount 
falling  under  identical  conditions  except  on  a  thoroughly 
dry  subgrade. 

Although  the  data  herein  presented  are  not  sufficient 
to  warrant  definite  conclusions,  they  do  indicate  that 
certain  very  similar  conditions  exist  on  many  projects, 
and  that  these  conditions  have  a  tremendous  influence 
on  the  actual  cost  of  the  completed  work.  They 
indicate  also  that  nearly  half  of  the  average  time  losses 
are  due  to  causes  which  are  or  can  be  made  subject  to 
the  control  of  the  contractor.  With  increasing  skill 
and  ability  in  management  we  may  expect  to  find  this 
type  of  time  loss  reduced  in  the  future.  The  other  half 
of  the  losses  due  directly  and  indirectly  to  adverse 
weather  conditions  it  is  clearly  impossible  to  eliminate 
entirely  and  such  losses  are  therefore  amenable  only 
in  part  to  managerial  control.  All  of  the  data  so  far 
assembled,  however,  seem  to  indicate  that  a  goodly 
proportion  of  the  time  lost  now  as  the  direct  or  indirect 
result  of  rainfall  is  not  inherent  in  the  nature  of  the 
physical  conditions,  but  rather,  at  least  in  part,  is  due 
to  difficulties  inherent  in  or  connected  with  the  present 
methods  of  operation  and  management,  Therefore  as 
the  probability  ratio  of  the  various  forms  of  loss  and 
the  financial  burden  they  place  upon  the  contractor 
become  better  known,  the  faults  of  our  present  means 
and  methods  will  surely  be  corrected. 

If,  under  certain  conditions,  we  find  that  on  the 
average  $50  worth  of  attention  to  surface  drainage  of 
the  prepared  subgrade  is  reasonably  certain  to  save  for 

(Continued  on  page  208) 
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A  PROGRESS  REPORT  OF  EXPERIMENTS  CONDUCTED  BY  THE  BUREAU  OF  PUBLIC  ROADS 

Reported  by  J,  T.  PAULS,  Highway  Engineer,  United  States  Bureau  of  Public  Roads 


FOR  THE  purpose  of  obtaining  information  as  to 
the  effect  of  moisture  and  temperature  changes 
in  concrete  road  slabs  immediately  after  laying, 
and  to  determine  the  effect  of  various  curing  methods 
and  subgrade  friction  on  the  concrete,  the  Bureau  of 
Public  Roads  built,  during  August,  1926,  at  Arlington, 
Va.,  a  series  of  40  concrete  slabs,  each  200  feet  long 
by  24  inches  wide  and  6  inches  thick.  The  concrete 
was  of  1:2:4  mix  with  Potomac  River  sand  and 
Potomac  River  gravel  as  aggregates.  The  mixing 
and  placing  were  done  under  weather  conditions  as 
nearly  identical  as  possible.  A  view  of  the  slabs  in 
place  is  shown  in  Figure  1. 


Fig.  1. — General    View    of   the    Experimental    Slabs    at 
Arlington,  Va. 

The  plan  of  construction  and  curing,  as  detailed  in 
Table  1,  covered  a  wide  range  of  variables  so  that, 
after  sufficient  time  and  study,  information  should 
be  available  which  will  permit  a  better  understanding 
of  the  following  subjects: 

1.  Comparative  effect  of  different  methods  of 
curing. 

2.  Effect  of  steel  reinforcing  of  various  types  and 
weights  in  distributing  stresses  resulting  from  shrink- 
age in  the  concrete. 

3.  The  effect  of  expansion  joints  in  distributing 
stresses  resulting  from  shrinkage  in  the  concrete. 

4.  The  effect  of  moisture  in  the  subgrade  in  reducing 
shrinkage  cracking. 

5.  The  effect  and  prevention  of  rapid  drying  of  the 
newly  placed  concrete. 

6.  The  magnitude  and  effect  of  subgrade  resistance. 

7.  The  curling  of  concrete  pavements. 

8.  The  possible  relation  between  pavement  behavior 
and  test  data  from  control  specimens. 


Table  1. 


-Details  of  construction  and  curing  of  the  experimental 
slabs 


Slab 
No. 

Subgrade 
condition 

Reinforcing 

Length  of  seg- 
mental 
sections  (feet) 

Curing  method 

1 

Dry.. 

do 

do..... 

None 

None  . 

None. 

2 
3 

do 

do.... 

20.  30.  40, 50,  CO. 

Do. 
Tar  via  B. 

4 

do 

do 

..do 

do 

.    do  . 

2  pounds  calcium  chlo- 

6 

do.. 

do 

do 

ride. 

Sodium  silicate. 

3  pounds  calcium  chlo- 
ride. 

Table  1. — Details  of  construction  and  curing  of  the  experimental 
slabs — Continued 


Slab 
No. 

Subgrade 
condition 

Reinforcing 

Length  of  seg- 
mental 
sections  (feet) 

Curing  method 

7 

Dry 

None 

None 

Tarvia  B;  tar  paper  on 

subgrade. 

8 

do 

2    K-inch    deformed 
bars. 

do 

None. 

9 

do 

2    5^-inch     deformed 
bars. 

do 

Do. 

10 

do 

2    J4-inch     deformed 
bars. 

do. 

Do. 

11 

do 

2    %-inch     deformed 
bars. 

do 

Do. 

12 

do 

2  Ji-inch   plain   bars 
painted  and  greased. 

do... 

Do. 

13 

do 

2     H-inch     deformed 
bars. 

20, 30,  40,  50,  60. 

Do. 

14 

do 

2     %-inch     deformed 

bars. 
None 

do 

Do. 

15 

do 

None 

2    per    cent    calcium 

chloride  admixture. 

17 

do 

do 

13.8-pound  mesh. 

do 

None 

IS 

23.6-pound  mesh 

do 

Do. 

lit 

do 

43.8-pound  mesh 

20, 30,  40,  50,  60- 

Do. 

2(1 

do 

do 

None. 

None 

Dry  straw. 

21 

do 

do 

Dry  earth. 

22 

L  i  g  h  t  1  y 
sprinkled. 

do 

do.. 

Wet  earth. 

23 

do 

do.... 

20, 30, 40, 50, 60. 

Do. 

24 

do.  . 

do 

None 

Wet  straw. 

25 

Wet 

do      .     . 

do  .. 

Burlap  and  wet  earth. 

26 

do... 

do 

20, 30,  40,  50,  60. 

Do. 

27 

do 

do 

None 

Burlap  and  2  pounds 

calcium  chloride. 

28 

do 

do. 

do 

Burlap  and  sodium 
silicate. 

29 

do 

do 

do.... 

2  pounds  calcium  chlo- 
ride. 

30 

do 

do 

do 

Sodium  silicate. 

31 

do 

do. 

do 

2  per  cent  calcium 
chloride  admixture. 

32 

do 

43.8-pound  mesh 

do 

Burlap  and  wet  earth. 

33 

do 

23.6-pound  mesh 

do... 

Do. 

34 

do 

43.8-pound  mesh 

20, 30,  40,  50,  60. 

Do. 

35 

do 

2    J4-inch    deformed 
bars. 

None 

Do. 

36 

do 

2    ?^-inch     deformed 
bars. 

do 

Do. 

37 

do 

2    J-i-inch    deformed 
bars. 

do 

Do. 

38 

do 

2    %-inch.   deformed 
bars. 

do 

Do. 

39 

do 

2    H-inch    deformed 

bars. 
2    %-inch     deformed 

20, 30, 40,  50, 60. 

Do. 

40 

do 

do 

Do. 

bars. 

41 

do 

None 

None 

Asphalt  emulsion. 

Sufficient  time  has  not  elapsed  since  the  investigation 
was  started  to  make  it  possible  at  this  time  to  give 
complete  results.  However,  on  a  few  of  the  problems 
studied  sufficient  indications  have  been  obtained  to 
warrant  presentation  at  this  time.  These  somewhat 
scattering  data  and  preliminary  indications  are  pre- 
sented in  the  following  paragraphs. 

LOSS  IN  MOISTURE 

Two  methods  were  used  to  obtain  the  loss  in  moisture 
of  the  concrete.  The  first  consisted  of  taking  a  pan  of 
concrete  (about  30  pounds)  and  weighing  it  as  it  came 
from  the  mixer;  afterwards  placing  it  in  the  sun  and 
weighing  at  hourly  intervals.  In  this  manner  the  loss 
of  moisture  from  the  surface  of  the  concrete,  without 
curing,  was  determined. 

The  other  method  consisted  of  pouring  slabs  24  by 
12  by  6  inches  concurrently  with  each  long  slab,  and 
weighing  the  concrete  as  it  came  from  the  mixer.  The 
slab  was  then  cured  in  the  same  manner  as  the  corre- 
sponding long  slab,  the  edges  of  all  the  small  slabs  being 
painted  after  24  hours  with  a  heavy  tar.  In  this  man- 
ner the  loss  in  moisture  was  limited  to  the  surface  and 
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the  base.  The  slabs  were  weighed  24  hours  after 
pouring  and  at  intervals  thereafter.  Figure  2  gives  the 
moisture  loss  obtained  under  the  several  different 
conditions. 

Curve  A  in  Figure  2  represents  the  loss  in  weight  of 
a  slab  laid  on  a  dry  subgrade  and  without  any  curing 
treatment.  It  can  be  seen  from  this  curve  that  the 
greatest  loss  in  weight  and  hence  in  moisture  content 
occurred  during  the  first  24  hours  after  pouring. 
Curve  B  represents  the  loss  in  weight  of  a  similar  slab 
laid  on  a  wet  subgrade,  covered  with  wet  burlap  for  24 
hours  and  wet  earth  for  13  days.  This  curve  also 
shows  that  the  greatest  loss  in  moisture  occurred  during 
the  first  24  hours  after  pouring.  The  loss  in  moisture 
in  the  slab  laid  on  the  dry  subgrade  without  curing  is 
approximately  four  and  one-half  times  the  loss  that 

LOSS    IN     WEIGHT    OF    CONCRETE     SLABS   24*  12*6  INCHES 
CURED    THE    SAME    AS   THE    LARGE     SLABS 


A-DRY    SUBGRADE-NO    CURING 

TOTAL    NUMBER   OF     LOCAL     SHINKAGE 

CRACKS    IN    LARGE  SLAB -279 
B-WET    SUBGRADE-BURLAP    AND    WET 

EARTH    CURING 
-       TOTAL    NUMBER  OF   LOCAL   SHRINKAGE 

CRACKS    IN    LARGE  SLAB  -  NONE. 
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2.60 


1.95 


5  10  15  20 

DAYS    AFTER     PLACING 
LOSS    IN    MOISTURE    HOURLY     FROM     THE     SURFACE   OF 
30LBS.    OF    CONCRETE    IN   A    PAN     WITHOUT    CURING 


^^^^t  o 


4.95 
2>30 
1.65 


°  5  10  15  20  25 

hours   after  placing 
Fig.  2. — Diagrams  Showing  Loss  of  Moisture  in  Concrete 

occurred  in  the  slab  laid  on  the  wet  subgrade  and  cured 
with  wet  burlap  during  the  first  24  hours  after  pouring. 
The  lower  curve  in  Figure  2  represents  the  loss  in 
moisture  over  a  period  of  28  hours,  using  30  pounds  of 
concrete,  with  evaporation  limited  to  the  surface. 
The  greatest  loss  by  this  method  was  found  to  occur 
during  the  first  three  or  four  hours  after  the  concrete 
was  poured. 

The  effect  on  the  concrete  of  the  rapid  drying  out 
during  the  first  few  hours  after  placing  is  shown  by  the 
number  of  local  shrinkage  cracks  occurring.  In  the 
slab  with  no  curing  279  local  shrinkage  cracks  devel- 
oped, while  none  occurred  in  the  slab  which  was  covered 
with  wet  burlap  during  the  first  24  hours. 

It  seems  definitely  indicated  that  the  most  important 
requisite  of  a  satisfactory  curing  process  is  that  it  shall 
prevent  or  retard  the  drying  of  the  concrete  during  the 
first  full  24  hours  after  placing. 


EFFECT  OF  STEEL  REINFORCING 

A  series  of  reinforced  slabs  was  included  as  one  of 
the  features  of  the  investigation,  the  purpose  being 
to  determine  the  effect  of  the  different  sizes  and  types 
of  steel  on  the  distribution  of  stresses  developed  in  the 
pavement  under  different  conditions  of  curing  from 
causes  other  than  traffic. 

A-WET     SUBGRADE-BURLAP  24  HRS.  FOLLOWED 

WITH    WET    EARTH     FOR  13  DAYS 
B-DRY    SUBGRADE     NO    CURING 
COMPRESSION     ON     CYLINDER     SPECI  ME  NS  6X6  INCHES 
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age   in   days 
-The  Effect  of  Curing  on  the  Strength  of  Control 
Specimens 

Three  types  of  reinforcing  were  used  in  the  differenl 
slabs.  They  were:  Deformed  bars  of  several  sizes 
placed  continuously  and  segmentally;  plain  j^-inch 
bars  painted  and  greased;  and  rectangular  mesh  of 
23. G  and  43.8  pound  weights.  All  reinforcing  was 
placed  3  inches  below  the  surface  of  the  pavement. 
In  the  case  of  the  bar  type,  two  rods  were  placed  in 
each  slab  12  inches  apart  and  6  inches  from  the  edges. 
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Table  2  shows  the  coefficients  of  shrinkage  obtained 
with  several  different  types  and  quantities  of  reinforc- 
ing in  comparison  with  the  coefficient  of  unreinforced 
concrete.  The  shrinkage  coefficient  was  determined 
from  microscopic  measurements  of  the  width  of  the 
transverse  cracks  in  the  different  slabs. 

Table  2. — The  effect  of  reinforcing  in  reducing  the  thermal  coeffi- 
cient of  expansion  and  contraction 


Slab 
No. 


Reinforcing 


None 

2  M-inch  deformed  bars .  _ 

2  5^-inch  deformed  bars 

2  H-inch  deformedbars 

2  %-inch  deformed  bars 

2  M-inch  plain  bars  painted  and 


17  43.8-pound  mesh. 

18  23.6-pound  mesh. 


Asrteeaelof     Number 

in  the    l°ftrans- 
slab 
section 


Square 

inch 

None. 

0.130 

.20 

.386 


.010 
.240 
.132 


verse 
cracks 


Average 
total        Average 

width  of  coefficient 

trans-  (per  degree 
verse  C.) 

cracks 


Inch 
0.532 
.288 
.199 
.125 
.023 

.470 
.108 
.261 


The  greatest  reduction  in  the  shrinkage  coefficient  was 
obtained  by  the  use  of  two  %-inch  deformed  bars,  and 
the  minimum  reduction — almost  negligible  in  amount — 
was  obtained  with  the  use  of  two  %-inch  plain  bars 
painted  and  greased. 

TESTS   OF   CONTROL   SPECIMENS 

Compression,  tension,  and  modulus  of  rupture  speci- 
mens were  made  concurrently  with  and  cured  similarly 
to  the  large  slabs.  Specimens  for  compression  were  6 
by  6  inch  cylinders;  for  tension,  6  by  21  inch  cylinders; 
and  for  modulus  of  rupture,  6  by  6  by  24  inch  beams. 
Two  sets  of  each  were  made  to  be  tested  at  24  hours,  3, 
7  and  21  days  and  6  months. 


Inches 
per  inch 
0.000011 
.  0000066 
.  0000045 
. 0000024 
.  00000064 

.  0000095 
. 0000025 

nniiHiM 


These  measurements  show  that  certain  types  and 
amounts  of  reinforcing  continuously  placed  greatly 
reduce  the  thermal  coefficient  of  the  concrete  pavement. 
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Fig.   4. — Diagrams   Showing  Resistance  to   Movement   of 
Slabs  by  Dry,  Wet,  and  Tar-Paper-Covered  Subgrades 


The   slabs   reinforced   with    two    continuous 


-inch 


deformed  bars  and  with  rectangular  mesh  of  23.6-pound 
weight  are  found  to  have  approximately  the  same  co- 
efficient, and  it  will  be  noted  that  the  cross-sectional 
area  of  the  steel  in  each  ease  was  nearly  the  same. 
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5. — Measurements  of  Slab  Curling 


All  of  these,  except  the  six-month  specimens,  have 
been  tested  at  the  present  time,  and  the  average 
strength  curves  for  each  type  of  test  are  shown  in 
Figure  3.  These  results  show  that  specimens  laid  on 
the  dry  subgrade  without  any  curing  reached  a  higher 
early  strength  than  those  laid  on  a  wet  subgrade  and 
covered  with  wet  burlap  for  24  hours  and  wet  earth 
for  13  days.  As  the  specimens  age,  those  made  on  the 
wet  subgrade  show  a  higher  strength  than  those  on  the 
dry  subgrade  without  curing. 

SUBGRADE  RESISTANCE 

The  resistance  of  the  subgrade  to  the  horizontal 
movement  of  the  slab  has  been  determined  for  several 
subgrade  conditions.  The  value  of  this  coefficient  was 
obtained  by  measuring  the  force  required   to  move 

(Continued  on  p.  208) 
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Reported  by  W.  J.  EMMONS,  Highway  Research  Specialist,  United  States  Bureau  of  Public  Roads 


URING  the  past  year  research  on  bituminous 
mixtures  has  been  vigorously  prosecuted  by  a 
number  of  organizations.  Although  attention 
at  present  is  focused  principally  upon  the  development 
of  a  test  which  will  define  the  resistance  to  displace- 
ment of  any  mixture  when  subjected  to  conditions  of 
service,  the  basic  motive  behind  all  such  research  is 
the  formulation  of  a  rational  theory  of  design  or  the 
substantiation  of  an  existing  theory. 

At  the  Bureau  of  Public  Roads  two  pieces  of  appa- 
ratus are  in  process  of  development  which  it  is  hoped 
will  assist  in  the  solution  of  the  problem.  Neither  ap- 
paratus is  perfected  but  it  is  felt  that  a  description  of 
the  work  being  done  will  prove  of  interest  at  this  time. 

DISPLACEMENT   DETERMINATOR 

A  machine  which  attempts  to  duplicate  to  a  certain 
degree  the  action  of  traffic  on  a  pavement  surface  has 
been  designed  for  the  purpose  of  determining  the  com- 
parative strength  or  resistance  to  displacement  of  bi- 
tuminous mixtures.  Figure  1  shows  in  diagrammatic 
form  the  arrangement  of  this  machine.  The  essential 
feature  is  a  series  of  11  steel  cylinders  or  rolls,  4  inches 
in  diameter  by  3  inches  long,  mounted  between  and 
near  the  peripheries  of  two  confining  steel  disks,  which 


in  turn  are  rotated  by  a  motor.  Beneath  the  roll 
water-tight  bath  or  tank  in  which  is  placed  the  speci- 
men to  be  tested.  At  the  beginning  of  the  test  the 
rolls  are  lowered  gently  to  the  surface  of  the  specimen 
and  the  motor  started.  Rotation  of  the  rolls  takes 
place  as  they  pass  over  the  specimen,  tending  to  de- 
form it  longitudinally.  A  certain  amount  of  impact  is 
also  imposed  as  each  roll  leaves  the  specimen  and  the 
following  one  comes  in  contact  with  it.  A  small  metal 
plate  held  lightly  against  the  end  of  the  specimen  and 
connected  with  an  Ames  dial  by  a  brass  rod  consti- 
tutes the  device  for  measuring  deformation. 

The  specimens  are  prepared  by  hand  mixing  and  are 
compacted  in  a  rectangular,  collapsible  steel  mold  by 
means  of  an  electric  hammer  fitted  with  a  square  tamp- 
ing end.  Specimens  8  by  6  by  2 Y±  inches  in  size  have 
been  used  in  most  of  the  work  thus  far,  although  at 
present  the  behavior  of  a  smaller  size  of  specimen, 
8  by  4  by  2}4  inches,  is  being  investigated.  In  each 
case  the  face  of  greater  area  is  exposed  to  the  action 
of  the  machine. 

As  might  be  expected,  widely  different  test  values 
may  be  obtained  by  varying  the  conditions  of  the  test. 
An  arrangement  of  the  machine  and  of  the  specimen 
was  sought  which  would  give  a  wide  range  in  strength 


Fig.  1.— Roller  Machine  for  Testing  Bituminous  Pavement  Specimens 
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Fig.  2. — Relation  Between  Strength  and  Composition  of  Experimental  Sheet  Asphalt  Mixtures 


values  between  weak  and  strong  mixtures.  The  weight 
imposed  by  the  rolls  is  susceptible  to  adjustment  by 
means  of  counterweights  to  a  maximum  of  450  pounds, 
and  the  speed  of  rotation  may  be  varied  from  4  to  10 
revolutions  per  minute.  The  degree  of  support  provided 
for  the  specimen  under  test  greatly  affects  the  results; 
and  it  has  been  found  best  to  confine  it  in  a  frame  at 
the  rear  and  the  two  sides.  The  end  toward  which  the 
movement  takes  place  has  at  times  been  left  entirely 
unsupported  but  it  is  probably  better  to  insure  againt 
slipping  of  the  entire  specimen  by  providing  small 
plates  partially  closing  the  fourth  side  of  the  rectangle. 

For  the  purpose  of  bringing  out  the  effect  of  these 
many  variables,  rather  than  of  deriving  definite  infor- 
mation regarding  mixtures,  many  short  series  of  tests 
have  been  run.  The  typical  series  shown  in  Figure 
2  were  made  on  8  by  6  by  2  3^  inch  specimens,  with  a 
machine  speed  of  seven  revolutions  per  minute,  a  load 
of  250  pounds,  and  a  testing  temperature  of  60°  C. 
The  same  aggregate  was  used  in  all  the  specimens  rep- 
resented by  each  group  of  curves,  the  bitumen  being 
varied  as  indicated. 

Several  indications  of  the  test  are  evident  from  the 
chart  (fig.  2).  The  test  appears  to  differentiate  clearly 
between  mixtures  varying  in  bitumen  and  dust  content. 
It  is  very  sensitive  to  slight  variations  in  the  density  of 
well-compacted  specimens.  It  is  also  apparent  that  a 
series  rather  than  a  single  test  is  required  to  define  the 
characteristics  of  any  mixture.  The  failure  of  certain 
specimens  to  check  with  the  average  of  their  respective 


groups  may  be  due  to  lack  of  uniformity  in  their  den- 
sities or  to  certain  other  conditions  of  testing  or  molding 
which  are  as  yet  not  clearly  understood. 

Considerable  thought  has  been  given  to  the  method 
of  interpreting  curves  of  this  nature.  It  is  evident  that 
data  in  this  form  are  of  little  practical  value  without  a 
knowledge  of  the  degree  of  density  to  which  mixtures' 
may  be  compressed  in  service.  Comparatively  little 
information  is  available,  but  a  study  is  being  attempted 
which  it  is  hoped  will  shed-  light  on  the  matter.  As  a 
step  in  that  direction,  dry-aggregate  voids  tests  are 
being  made  on  the  aggregates  extracted  from  samples 
of  pavements  of  different  ages,  and  the  results  of  these 
tests  are  compared  with  the  computed  voids  of  the 
aggregate  as  it  exists  in  the  original  sample.  Insuffi- 
cient work  has  been  done  to  warrant  definite  conclusions, 
but  from  the  tests  which  have  been  made  it  is  indicated 
that  the  voids  existing  in  an  aggregate  may  afford  a 
measure  of  the  compressibility  of  the  aggregate  when 
combined  with  bitumen. 

As  a  tentative  method  of  comparison  between  mix- 
tures, the  curves  of  Figure  2  are  extended  to  the  point 
of  maximum  possible  compression  indicated  by  the  voids 
tests  upon  the  aggregates.  Unfortunately,  these  series 
do  not  include  enough  tests  to  define  the  slope  of  some 
of  these  curves  as  well  as  might  be  desired,  but  it  seems 
that  with  percentages  of  bitumen  which  are  less  than 
sufficient  to  fill  the  voids  in  the  aggregate,  a  compression 
can  be  attained  which  is,  as  a  rule,  within  1  per  cent  of 
the  computed  maximum  possible  density. 
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Fig.  3. — Apparatus  Used  in  the  Determination  of  Voids 
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Fig.  4.— Containers  Used  in  Apparatus  for  Void  Determination 
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Another  device  developed  by  the  Bureau  of  Public 
Roads  is  a  mechanical  means  for  compacting  fine- 
aggregate  mixtures  in  the  test  for  voids.  This  appa- 
ratus is  shown  in  Figure  3.  A  steel  disk,  11  inches  in 
diameter  and  H  inch  thick,  carries  the  aggregate  con- 
tainers and  is  vibrated  rapidly  between  the  lower  and 
upper  springs.  Two  cams  driven  by  the  motor  are 
attached  to  the  shaft,  passing  through  the  central 
column  of  the  machine,  alternately  compressing  and 
releasing  the  lower  spring  at  the  rate  of  about  1,500 
times  per  minute.  The  throw  of  the  disk  is  adjustable 
up  to  a  maximum  of  0.04  inch. 

Figure  4  illustrates  the  types  of  containers  which 
have  been  used  to  hold  the  aggregate  being  tested. 
The  disk  of  the  vibrator  is  perforated  with  ten  ^j-inch 
holes  equally  spaced  on  a  circle  concentric  with  its  cir- 
cumference. The  bases  of  the  containers  are  equipped 
with  threaded  rods  by  means  of  which  they  are  bolted 
to  the  machine.  Either  cylindrical  or  conical  containers 
may  be  used;  and  each  container  is  fitted  with  a  remov- 
able sleeve  which  may  be  attached  to  it  by  spring  clips 
or  by  threads.  At  the  beginning  of  the  voids  test,  the 
sleeve  is  attached,  slightly  more  aggregate  than  is 
necessary  to  fill  the  calibrated  container  is  introduced, 
a  rubber-shod  cylindrical  metal  plunger  is  placed  over 
the  aggregate,  and  the  whole  apparatus  is  bolted  to  the 
vibrator.  A  20-minute  period  of  vibration  has  thus 
far  been  employed  although  it  is  likely  that  a  somewhat 
shorter  time  may  be  sufficient  to  produce  thorough 
compaction. 

Considerable  trouble  has  been  experienced  in  obtain- 
ing a  design  for  the  containers  which  would  resist  the 
severe  use  to  which  they  are  subjected.  The  screw- 
thread  type  has  virtually  been  discarded  since  it  was 
found  all  but  impossible  to  prevent  dust  from  seeping 
into  and  ruining  the  threads  of  the  containers.  The 
spring-clip  type  seems  to  be  more  durable  but  as  the 
holes  in  the  clips  wear  larger  it  has  been  found  necessary 
to  take  up  the  looseness  which  develops  by  wrapping 
and  compressing  a  rubber  band  between  the  shoulder 
of  the  container  and  the  sleeve. 

Cylinders  should  be  made  by  boring  a  solid  steel  rod 
in  order  to  insure  the  greatest  rigidity.  Certain  of  the 
cylinders  originally  made  have  lately  given  erratic 
results  and  this  has  been  traced  to  a  very  slight  loose- 
ness which  developed  between  the  bases  and  the  walls 
which,  in  this  case,  were  turned  out  separately  and 
assembled. 

Most  of  the  work  has  been  done  with  cylinders  1 
inch  in  diameter  and  of  approximately  26  cubic  centi- 
meter capacity.  Determinations  by  the  method  of 
hand  tamping  have  been  made  concurrently  with  the 
machine  test,  using  containers  of  identical  construction 
for  both  purposes.  Voids  have  also  been  calculated 
as  they  exist  in  2-inch  diameter  cylindrical  specimens 
of  sheet  asphalt  mixtures  compressed  by  the  method 
devised  by  Hubbard  and  Field.  The  aggregates  of 
these  specimens  were  combined  with  percentages  of 
bitumen  from  7  to  14  per  cent. 


On  the  basis  of  the  work  done  thus  far  it  is  believed 
that  in  the  very  near  future  the  vibration  method  may 
be  developed  to  give  at  least  as  complete  compaction 
as  can  be  obtained  by  either  the  more  laborious  hand 
method  or  by  the  method  of  direct  compression  under 
a  predetermined  load. 


(Continued  from  page  201) 

productive  operation  time  worth  20  times  that  expendi- 
ture, then  the  needed  attention  to  surface  drainage 
will  be  readily  forthcoming.  Similarly,  if  proper 
attention  to  the  maintenance  of  the  road  over  which 
the  hauling  is  done  can  be  shown  to  yield  certain  profits 
above  its  cost,  then  such  maintenance  will  become 
a  regular  part  of  the  hauling  plan.  On  one  point,  the 
data  obtained  are  probably  conclusive  and  that  is  that 
under  anything  like  identical  conditions  the  time  lost 
will  vary  inversely  with  the  ability  of  the  management. 


(Continued  from  p.  204) 

slabs  6  feet  long  and  2  feet  wide  and  6  inches  thick 
which  were  cast  on  the  subgrade  at  the  end  of  a  number 
of  the  long  pavement  sections. 

A  few  of  the  results  obtained  are  given  in  Figure  4. 
The  resistance  is  seen  to  be  larger  on  a  medium  wet 
than  on  a  dry  subgrade.  Tar  paper  is  seen  to  have 
greatly  reduced  the  resistance.  A  large  reduction  was 
found  to  occur  also  when  the  slab  was  moved  short 
distances  at  10-minute  intervals  instead  of  continu- 
ously over  longer  distances.  Partial  return  of  the  slab 
after  release  of  the  force  is  found  to  take  place. 

The  subgrade  material  on  which  these  tests  were 
made  was  a  silty  loam  with  very  little  clay,  an  excep- 
tionally good  material.  In  view  of  the  favorable  con- 
ditions under  which  these  high  results  were  obtained, 
it  would  seem  that  the  generally  accepted  subgrade 
resistance  coefficient  of  2  might  be  too  small  for  the 
average  condition. 

CURLING   OF  THE  CONCRETE  SLAB 

The  amount  of  curling  of  several  different  slabs  has 
been  measured  over  24-hour  periods.  The  method 
employed  was  to  drive  stakes  along  the  slab  at  2-foot 
intervals,  and  on  these  to  mount  dials  which  measured 
the  vertical  motion  of  the  slab  in  thousandths  of  an 
inch/  In  Figure  5  the  maximum  curling  is  plotted  for 
several  periods  of  24  hours.  From  these  curves  it  can 
be  seen  that  the  maximum  movement  occurs  at  the 
end  of  the  slab;  that  the  maximum  bending  moment 
occurs  from  6  to  8  feet  from  the  end,  and  that  the 
curling  of  the  slab  is  restrained  as  the  distance  from 
the  end  is  increased. 

The  curling  curves  shown  indicate  that  a  fiber  stress 
of  at  least  100  pounds  per  square  inch  is  possible;  and 
it  is  evident  that  secondary  transverse  cracking  may 
occur  from  this  cause  before  the  concrete  has  attained 
high  strength. 
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THE  COLLECTION  AND  DISPOSITION  OF  MOTOR 

VEHICLE  REVENUES' 


By  HENRY  R.  TRUMBOWER,  Economist,  Bureau  of  Public  Roads 


DURING  the  calendar  year  1925  the  gross  receipts 
derived  from  motor-vehicle  license  fees  and 
gasoline  taxes  in  the  United  States  amounted  to 
$406,648,561.  These  figures  refer  only  to  the  revenues 
collected  and  received  by  the  several  States  and  by  the 
District  of  Columbia;  they  do  not  include  any  of  the 
collections  made  by  cities  and  municipalities  on  ac- 
count of  local  license  fees  or  gasoline  taxes.  The  gross 
receipts  resulting  from  motor-vehicle  registration  fees, 
licenses,  permits,  fines,  etc.,  amounted  to  $260,619,621; 
the  total  tax  earnings  on  gasoline  and  motor-vehicle 
fuel,  after  deducting  all  refunds,  amounted  to  $146,- 
028,940.  The  registration  fees,  according  to  these 
figures,  constituted  64  per  cent  of  the  total  motor- 
vehicle  revenues  collected  by  the  States,  and  the  gaso- 
line taxes  36  per  cent.  The  relation  of  the  license  fees 
and  the  gasoline  taxes  to  the  total  motor-vehicle 
revenues  for  each  of  the  years  since  1920  is  set  forth  in 
Table  1. 


Table  1.- 


-Total  gross  receipts  from  license  fees  and  gasoline  taxes, 
1920  to  1925 


Year 

License  fees 

Gasoline  taxes 

Total  motor- 
vehicle  reve- 
nues 

Amount 

Per  cent 

Amount 

Per  cent 

1920 

$102, 546,  212 
122, 478, 654 
152, 047,  823 
188, 970, 992 
225, 492, 252 
260,  619,  621 

99 
96 
93 
84 
74 
64 

$1,475,136 
5, 302, 259 
11,923,442 
36, 813,  939 
79, 734, 490 
146, 028, 940 

1 
4 
7 

16 
26 
36 

$104,021,348 

1921..  - - 

127, 780, 913 

1922-.. 

163,  971, 265 

1923... 

225, 784, 931 

1924 

305,  226,  742 

1925 

406, 648, 561 

In  1925  the  total  motor-vehicle  revenues  were  prac- 
tically four  times  as  great  as  in  1920;  and  in  the  same 
period  the  number  of  registered  motor  vehicles  in  the 
country  slightly  more  than  doubled.  In  1920  the  total 
motor-vehicle  revenues,  including  license  fees  and  gaso- 
line taxes,  averaged  $11.27  per  vehicle;  in  1925  the 
average  had  risen  to  $20.27  per  vehicle.  The  increase 
in  total  motor-vehicle  revenues  was,  therefore,  due  to 
two  causes — an  increase  in  the  number  of  motor  ve- 
hicles from  which  license  fees  were  collected,  and  an 
increase  in  the  average  receipts  per  motor  vehicle  on 
account  of  the  rapidly  extended  application  of  the 
gasoline  tax  and  increases  in  the  fees  charged  for 
licenses.  The  license  fees  in  1920  averaged  $11.18  per 
vehicle;  hi  1925  the  average  was  $13.06.  The  gasoline 
taxes  in  1925  amounted  to  more  than  the  total  license 
fees  collected  in  1921  and  almost  as  much  as  the  1922 
license  fees.  Constituting,  in  1925,  36  per  cent  of  the 
total  motor-vehicle  receipts  whereas  in  1920  they  were 
but  1  per  cent,  it  is  evident  that  the  gasoline  tax  reve- 
nues have  become  a  substantial  part  of  the  country's 
total  motor-vehicle  revenues. 

These  motor-vehicle  revenues  collected  by  the  States, 
when  compared  with  the  country's  total  annual  ex- 
penditures on  rural  highways,  make  a  very  impressive 
showing.  Our  rural  highway  expenditures,  according 
to  the  best  estimate  that  can  be  made,  amounted  in 
1925  to  $1,288,939,707.  It  follows,  therefore,  that  the 
amount  collected  in  the  form  of  license  fees  and  gaso- 

i  Report  of  the  highway  finance  committee,  Highway  Research  Board,  National 
Research  Council,  presented  at  the  annual  meeting  of  the  board  at  Washington, 
D.  C,  December  3, 1926. 
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line  taxes  was  equivalent  to  31.5  per  cent  of  the  total 
rural _  highway  expenditure.  This  ratio  has  been  in- 
creasing from  year  to  year. 

In  this  study  no  attempt  is  made  to  investigate  and 
analyze  the  license  fee  schedules  and  the  gasoline  tax 
rates  of  the  several  States  which,  through  their  appli- 
cation, have  produced  these  motor-vehicle  revenues. 
Such  analyses  have  been  presented  in  other  reports 
in  considerable  detail.  At  the  present  time  it  is  be- 
lieved that  those  concerned  with  the  subject  of  high- 
way finance  will  be  interested  in  a  study  of  the  disposi- 
tion and  distribution  of  the  annual  motor-vehicle 
revenues  by  the  several  States  and  certain  administra- 
tive policies  and  procedures  relating  to  their  collection. 
This  study  is  limited,  more  or  less,  to  these  phases  of 
the  subject  and  is  divided  into  two  parts;  the  first 
relating  to  the  motor-vehicle  license  fees,  and  the 
second  to  the  gasoline  tax  revenues. 

PART     1.  RECEIPTS    FROM    MOTOR-VEHICLE    REGIS- 
TRATION FEES,  LICENSES,  PERMITS,  FINES,  ETC. 

The  figures  presented  herewith  cover  the  total  funds 
received  by  State  and  county  officials  in  connection 
with  the  operation  of  the  motor-vehicle  license  laws. 
The  total  receipts  are  recorded  by  all  the  States  but 
there  are  still  a  considerable  number  which  do  not 
report  the  detailed  sources  of  receipts.  It  is  hoped 
that  in  the  future  reports  more  complete  details  can 
be  presented. 

Officers  in  charge  of  registration  and  license  fee  collec- 
tion.— In  each  of  the  States'  a  State  officer  or  depart- 
ment is  made  responsible  for  the  collection  of  the  license 
fees  and  supervises  the  enforcement  of  the  motor- 
vehicle  registration  laws.  In  a  majority  of  the  States 
this  officer  is  the  secretary  of  state.  There  are,  how- 
ever, a  number  in  which  the  legislatures  have  created 
separate  motor-vehicle  departments  and  there  are 
others  in  which  the  collecting  and  registering  function  is 
delegated  to  the  respective  State  highway  departments. 
At  the  present  time  there  are  22  States  in  which  the 
secretary  of  state  is  the  responsible  officer.  These  are 
Arizona,  Colorado,  Delaware,  Georgia,  Illinois,  In- 
diana, Iowa,  Kansas,  Louisiana,  Maine,  Michigan, 
Minnesota,  Missouri,  Nevada,  Ohio,  Oregon,  South 
Dakota,  Utah,  Vermont,  Washington,  Wisconsin,  and 
Wyoming. 

In  9  States  there  are  separate  motor-vehicle  depart- 
ments, the  administrative  heads  of  which  are  known  as 
commissioners  of  motor  vehicles  or  registrars.  The 
States  of  this  group  are  California,  Connecticut, 
Maryland,  Massachusetts,  Montana,  New  Hampshire, 
New  Jersey,  North  Dakota,  and  Virginia. 

There  are  7  States  in  which  the  respective  highway 
departments  supervise  motor-vehicle  registrations  and 
the  collection  of  license  fees  in  addition  to  their  regular 
duties  of  constructing  and  maintaining  the  State  high- 
way systems.  These  are  Arkansas,  Oklahoma,  Penn- 
sylvania, Rhode  Island,  South  Carolina,  Texas,  and 
West  Virginia. 

In  the  States  of  Alabama,  Kentucky,  New  \  ork,  and 
Tennessee  the  State  tax  commissions  have  charge.  In 
Florida  and  New  Mexico  the  duty  is  performed  by  the 

209 


210 


PUBLIC    ROADS 


Vol.  7,  No.  11 


State  comptroller.  In  Idaho  the  bureau  of  law 
enforcement  is  responsible;  in  Misissisippi  it  is  the 
auditor  of  public  accounts;  in  Nebraska  the  depart- 
ment of  public  works;  and  in  North  Carolina  the 
commissioner  of  revenue. 

Although  there  is  a  State  officer  or  State  department 
responsible  for  the  collection  of  the  motor-vehicle 
license  fees  in  each  of  the  States,  there  are  16  States 
where  the  laws  provide  that  certain  county  officers 
shall  make  the  collections  and  distribute  the  registra- 
tion plates.  In  5  States — Iowa,  Kansas,  Nebraska, 
South  Dakota,  and  Washington — the  county  treasurers 
make  the  direct  collections.  In  Arizona,  Idaho,  and 
Nevada  it  is  the  county  assessor  who  collects  the  license 
fees  in  the  first  place.  The  clerk  of  the  county  court 
is  the  collecting  officer  in  Kentucky,  South  Carolina, 
and  Tennessee.  In  Mississippi  and  Texas  the  county 
tax  collector  collects  the  motor  license  fees,  together 
with  the'other  local  taxes.  The  probate  judges  are  the 
local  collecting  officers  in  Alabama  and  the  county 
sheriffs  in  Arkansas,  and  the  State  comptroller  in  Florida 
is  authorized  and  directed  by  law  to  establish  county 
agencies  to  collect  the  fees  in  each  locality. 

COLLECTION   EXPENSES   VARY   WIDELY 

Collection  and  administrative  expenses. — The  gross 
receipts  from  motor-vehicle  registration  fees,  licenses, 
permits,  fines,  etc.,  and  the  amounts  reported  by  the 
several  States  as  spent  for  collection  and  administration 
are  set  forth  in  Table  2. 

Table  2. — Relation  of  collection  and  administrative  expenses  to 
gross  receipts  from  license  fees,  etc. 


Gross 
receipts 

Collection  and  admin- 
istrative expenses 

State 

Amount 

Per  cent 
of  gross 
receipts 

$2, 511, 129 

405, 592 

3, 150, 000 

7. 816. 298 

1. 430. 299 
5,  644, 247 

680, 700 
3, 645, 628 
3,010,415 
1, 192, 587 
12, 969,  754 
4, 649, 663 
9, 741, 103 
4, 610, 090 
3, 780, 062 
3, 400,  045 
2, 182, 135 
2,  576,  301 
9, 843, 901 
14,  526, 002 
9,  744,  834 
1, 530, 000 
7, 267, 098 

915, 253 
3, 936, 458 

209, 197 
1, 736, 094 
10, 515, 323 

457, 874 
25,  506,  245 
8, 359, 844 

$18, 000 
12, 000 

951, 076 
71, 515 

4.5 

Arkansas 

.4 

California -- 

12.2 

Colorado .  

5.0 

Connecticut 

Delaware.  . 

Florida 

261,  220 
98,  297 

7.2 

Georgia _ 

3.3 

Idaho 

Illinois 

Indiana 

205,  681 
713,  036 
230,  505 
132, 105 
40, 000 

4.4 

Iowa 

7.3 

Kansas 

5.0 

Kentucky 

3.5 

Louisiana 

1.2 

Maine 

Maryland 

.'.Ml,  (II III 
921,  514 
300, 000 

'J.  7 

Massachusetts 

9.4 

Michigan 

2. 1 

Minnesota 

Mississippi ... 

45,  900 
432, 023 
32, 000 
98, 411 
10,584 
114,610 
1, 177, 057 
31, 991 

3.0 

Missouri.. 

5.9 

M  ontana 

3.5 

Nebraska 

2.5 

Nevada 

5. 1 

New  Hampshire 

6.6 

New  Jersey 

11.2 

New  Mexico 

7.0 

New  York 

North  Carolina 

149,  761 

150,  000 

1  8 

North  Dakota 

1,083,573 
13,147,231 

13  8 

Ohio 

Oklahoma 

4, 576, 572 
5, 370, 202 

21, 926, 972 
1, 863, 955 
2, 366, 076 
2,445,112 
3, 060, 948 

13, 477,  931 

554, 235 

1,497,146 

4, 300, 950 

Oregon __ 

200, 000 

'■i  7 

Pennsylvania 

Khode  Island 

306, 492 

187,  729 

21,511 

54,243 

476, 146 

Hi  .r> 

South  Carolina 

7  !) 

South  Dakota 

'I 

Tennessee 

Texas.. 

1.8 
3  5 

Utah 

Vermont 

Virginia 

82, 037 

5.5 

Washington... 
West  Virginia 

4, 980, 026 

3, 354, 247 

7, 896, 210 

482, 857 

291,207 

240,  059 
264, 386 
380,  000 

4.8 
7  9 

Wisconsin 

4  8 

Wyoming 

District  of  Columbia 

36,  820 

Total 

260, 619, 621 

8, 696, 709 

Thirty-four  States  and  the  District  of  Columbia 
reported  that  their  collection  and  administrative  ex- 
penses incurred  on  account  of  the  registration  and 
licensing  laws  amounted  to  $8,696,709  for  that  year. 
The  total  gross  receipts  for  these  same  States  which 
reported  their  collection  and  administrative  expenses 
were  $155,199,173.  In  these  States,  therefore,  the  col- 
lection and  administrative  expenses  averaged  5.6  per 
cent  of  the  total  receipts.  Among  the  individual  States, 
however,  there  is  a  wide  variation  in  this  ratio,  as  shown 
in  the  table.  In  Arkansas  the  reported  collection  and 
administrative  expenses  were  only  $12,000,  or  0.4  per 
cent,  of  the  receipts;  in  Rhode  Island  they  averaged 
16.5  per  cent.     These  are  the  two  extremes. 

In  making  such  a  comparison  it  must  be  borne  in 
mind  that  certain  items  of  expense  are  probably  charged 
to  this  account  in  some  States,  whereas  in  other  States 
similar  expenditures  are  provided  for  by  other  funds  or 
sources  of  revenue.  In  a  number  of  States,  as  already 
pointed  out,  the  actual  collection  of  the  fees  and  the 
registration  of  the  motor  vehicles  is  carried  out  by 
local  county  officers,  such  as  sheriffs,  county  clerks, 
treasurers,  or  assessors.  In  such  cases  it  is  likely  that 
a  large  part  of  the  expenses  connected  with  the  admin- 
istration of  motor-vehicle  licensing  laws  are  borne  by 
the  local  units  of  government,  and  that  the  reported 
expenses  refer  only  to  the  administrative  costs  incurred 
by  the  State  officials,  who  furnish  the  license  plates 
and  have  but  general  supervision  over  the  registration 
and  licensing.  In  Tennessee,  for  instance,  where  the 
reported  collection  and  administrative  expenses 
amounted  to  only  1.8  per  cent  of  the  gross  receipts, 
the  county  clerks  collect  the  license  fees  from  the  car 
owners  in  their  respective  counties  and  charge  each 
applicant  in  addition  a  fee  of  50  cents,  which  the  law 
authorizes  as  their  compensation  in  full.2 

In  other  States,  where  the  ratio  of  collection  and 
administrative  expenses  to  gross  receipts  appear 
large  and  considerably  above  the  average,  services  are 
rendered  by  State  motor-vehicle  departments  and  costs 
are  incurred  which  are  not  found  to  the  same  extent  in 
other  States.  In  States  like  Maryland  and  Massa- 
chusetts, for  example,  the  function  of  enforcing  all 
provisions  of  the  mo  tor- vehicle  laws  relating  to  the  use 
of  the  highways  rests  with  the  State  motor-vehicle 
departments  to  a  much  greater  degree  than  it  does  in 
many  of  the  other  States.  Maryland's  expense  ratio 
is  9.7  per  cent,  and  in  Massachusetts  it  is  9.4  per  cent. 
Somewhat  similar  conditions  prevail  in  New  Jersey, 
where  the  ratio  is  11.2  per  cent.     . 

There  are  still  other  States  in  which  the  State 
departments  are  required  to  examine  all  applicants  for 
licenses  as  to  their  ability  and  fitness  to  drive.  Where 
such  provisions  are  in  effect  and  where  the  costs  of 
this  additional  service  are  borne  by  the  motor-vehicle 
departments  and  charged  against  the  department's 
gross  receipts,  the  ratio  of  expenses  to  receipts  is 
naturally  higher  than  in  States  where  such  services  and 
costs  are  not  involved. 

A  number  of  States,  although  permitting  the  deduc- 
tion of  collection  and  administrative  expenses  from  the 
gross  receipts,  place  limits  upon  expenses  of  this 
character.  Arizona  fixes  the  maximum  at  $25,000, 
North  Dakota  at  $150,000.  The  California  law 
provides  that  the  motor-vehicle  department's  adminis- 
trative expenses  shall  be  kept  within  20  per  cent  of  the 
gross  amount  collected  in  license  fees;  Georgia  limits 

!  Motor  Vehicle  Laws  of  Tennessee,  art.  5,  sec.  c,  passed  Apr.  16,  1919. 
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State 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut . . . 

Delaware 

Florida 

Georgia 

Idaho .- 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 


Number  of 

cars 
registered 


194,580 

68,029 

183,  589 

1,440,541 

240,097 

250,  669 

40, 140 
286,388 
248, 093 

81, 506 
1.  263, 177 
725,  410 
659, 202 
457, 033 
261,  647 
207,000 
140, 499 
234,  247 
646,153 


Collection  and  admin- 
istrative expenses 


Amount 


$18,000 
12,000 

951, 076 
71,  515 


261, 220 
98, 297 


205,  681 
713,036 
230, 505 
132, 105 
40,000 


Per  car 
registered 


.91 
.40 


.28 
1.08 
.50 
.51 
.19 


it  to  15  per  cent;  in  New  Mexico  the  limit  is  5  per  cent; 
and  in  North  Carolina  the  administrative  expenses  may 
not  exceed  10  per  cent  of  the  collections.  The  Rhode 
Island  legislature  has  limited  the  State  board  of  public 
roads  which  registers  the  motor  vehicles  and  collects  the 
license  fees  to  an  annual  expenditure  of  $30,000  for 
plates,  $89,000  for  clerical  salaries,  and  $30,000  for 
other  expenses. 

If  the  expense  ratio  which  has  been  found  to  exist 
in  these  States,  which  have  reported  their  respective 
collection  and  administrative  expenses,  is  applied  to 
the  total  gross  license  fee  receipts  of  all  of  the  States 
the  resulting  estimate  of  total  collection  and  adminis- 
trative expenses  amounts  to  approximately  $14,500,000. 
The  remaining  $246,100,000  is  available  for  highway 
purposes  and  other  uses.  In  most  cases  where  no 
collection  and  administrative  expenses  are  reported  the 
legislatures  make  definite  appropriations  to  meet  such 
costs  and  all  of  the  total  receipts  are  turned  over  to  the 
State  treasurer's  department,  usually  to  the  credit  of 
certain  highway  funds. 

In  discussing  these  variations  in  administrative 
expense  ratio  it  must  be  observed  that  one  of  the  rea- 
sons for  them  is  the  variation  in  the  fees  charged.  For 
example,  no  more  labor  or  expense  is  necessary  in  regis- 
tering cars  where  the  license  fees  average  $10  per  car 
than  where  the  average  is  but  $5.  The  expense  ratio 
will  differ,  however,  in  direct  proportion  to  the  amount 
of  fees  charged. 

COLLECTION  COSTS  FROM  7  CENTS  TO  $3  PER  CAR 

The  collection  and  administrative  expenses  of  the 
States  which  reported  this  item  amount  to  an  average 
of  70.4  cents  per  motor  vehicle  registered.  These 
States,  in  1925,  reported  a  total  registration  of  12,266,- 
460  vehicles.  When  the  collection  costs  are  averaged 
over  the  number  of  cars  registered  in  each  of  the  report- 
ing States  wide  variations  are  also  noticed.  In  Arkan- 
sas these  administrative  expenses  amounted  to  7  cents 
per  registered  vehicle;  that  is  the  lowest.  The  highest 
average  is  found  in  Rhode  Island,  $3.02  per  vehicle. 
It  would  appear  that  both  of  these  averages  are  not 
only  extreme  but  abnormal.  The  registration  of 
automobiles  in  Rhode  Island  is  in  the  hands  of  the  State 
highway  commission,  and  it  is  quite  possible  that  the 
figures  which  were  reported  as  the  expense  resulting 
from  the  administration  of  the  motor-vehicle  registra- 
tion law  may  contain  other  items  of  expense  incurred 
by  the  commission  which  pertain  to  other  functions  and 
duties  of  the  commission. 

-Relation  of  collection  and  administrative  expenses  to 
number  of  cars  registered 


Table  3. — Relation  of  collection  and  administrative  expenses  to 
number  of  cars  registered — Continued 


$0.  26 
.07 
.  66 
.30 


Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska. 

Nevada _ 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota . . . 

OhlO. 


Oklahoma 

Oregon 

Pennsylvania.. 

Rhode  Island. . 
South  Carolina. 
South  Dakota.. 
Tennessee 

Texas 

Utah. 


Vermont 

Virginia _ 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

District  of  Columbia. 

Total 


Nnmber"of 

cars 
registered 


569,  694 
177,262 
604,166 

21,109 

81,498 

580,  554 

49, 111 

1,  625,  583 

340,  287 

144,  972 

1,346,400 

424,  345 

216.  553 

1,  330,433 

101,756 

168,496 

168,028 

244,626 

975,083 

'.ii.  oo 

69,  576 

282,  650 

328,442 

217,589 

594,  386 

47,711 

103,092 


Collection  and  admin- 
istrative expenses 


Amount 


$300,000 


19, 954, 347 


45, 900 

432.  023 

32, 000 

98,411 

10,584 

114,619 

1.  177,057 

31,  991 


Per  car 

registered 


$0.30 


.26 
.72 
.34 
.29 
.50 
1.40 
2.00 
.65 


149,  761 
1.50, 000 

.44 
1.04 

200,000 

1ST,  T'J'.i 
21,511 
54,  243 

476,146 

3.  (12 
1.11 
.13 
.22 
.49 

82, 037 

1.  18 

240, 059 
264,  386 
380,000 

.73 
1.22 
.64 

36,  820 

.  36 

8,  696,  709 

DISPOSITION   OF  LICENSE-FEE   RECEIPTS 

In  the  preceding  tabulations  a  figure  of  $8,696,709  is 
used  as  representing  the  collection  and  administrative 
expenses  incidental  to  the  licensing  of  motor  vehicles 
in  34  States  and  the  District  of  Columbia.  The 
reports,  made  by  several  other  States  indicated  that 
certain  expenditures  were  made  for  license-fee  collection 
and  other  miscellaneous  administrative  purposes. 
As  the  two  kinds  of  expense  were  not  separated  in  the 
reports,  these  were  not  used  in  making  the  foregoing 
analysis.  In  determining  what  portion  of  the  total 
gross  receipts  was  used  for  highway  and  other  related 
purposes"  in  the  following  study  all  these  reported 
expense  items  have  been  deducted,  thus  leaving 
balances  available  for  other  purposes.  Excluding  the 
District  of  Columbia  it  is  found  that  the  total  gross 
receipts  amounted  to  $260,328,414  and  that  the  sum 
reported  by  the  various  States  as  the  collection  and 
administrative  expense  item  was  $11,955,927.  Ten  of 
the  States  did  not  report  any  administrative  expense 
items  for  the  reason  that  their  motor-vehicle  depart- 
ments are  maintained  by  definite  appropriations  from 
the  general  funds,  thus  making  it  unnecessary  to  make 
deductions  from  the  license  receipts  in  order  to  carry 
on  the  affairs  of  the  departments. 

After  deducting  the  collection  and  administrative  ex- 
penses as  reported  there  is  left  a  balance  (if  $248,372,487. 
The  disposition  of  this  total  amount  is  the  subject 
of  our  further  study.  For  the  country  as  a  whole 
it  was  as  follows: 


Purpose 


Amount 


Construction  and  maintenance  o  State  highway  system...  $177,452,200 

Construction  and  maintenance  of  local  roads......--..-.-  48,39b,  4/1 

Principal  and  interest  payments  on  State  and  local  h.gh-  |  ^ 

way  bonds --;—,- '47s'  183 

Transfers  to  general  funds             ■   ■ 

Expenses  of  highway  depart™.  »"S  ^ 

Traffic  control  and  patrol |  1532573 

Other  purposes - 


2.50,000 
921,514 


1.07 
1.43 


Total. 


248, 372, 487 


Per  cent 
of  total 


71.5 
19.5 

7.7 
.2 
.2 
.3 
.6 


100.0 
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In  studying  this  disposition  of  the  motor-vehicle 
license  receipts,  it  is  significant  to  note  that  after  a  de- 
duction of  the  reported  administrative  expenses  91  per 
cent  of  the  balance  is  devoted  directly  to  the  construc- 
tion and  maintenance  of  highways;  71.5  per  cent  for 
State  highway  system,  and  19.5  per  cent  for  local 
roads.  This  91  per  cent  of  the  available  revenues  for 
highway  construction  and  maintenance  amounts  to 
$225,848,671,  79  per  cent  of  which  is  spent  on  State 
highway  systems  and  21  per  cent  on  local  roads.  Of 
these  special  revenues  $19,124,014,  or  7.7  per  cent  of 
the  total  amount  available,  was  devoted  to  principal 
and  interest  payments  on  State  and  local  highway 
bonds.  The  license  fees  devoted  to  other  purposes  con- 
stituted but  1.3  per  cent  of  the  total  amount  available. 

HOW  THE  STATES  DISTRIBUTE  THE  LICENSE  RECEIPTS 

The  major  legislative  provisions  relating  to  the  dis- 
tribution and  disposition  of  the  license  fees  derived 
from  the  registration  and  regulation  of  motor  vehicles 
in  the  several  States  are  as  follows: 

Alabama. — The  expenses  incident  to  the  collection 
of  the  fees  are  first  deducted.  Of  the  balance,  80  per 
cent  is  credited  to  the  State  and  20  per  cent  is  turned 
back  to  the  incorporated  city  or  town  in  which  the 
owner  of  the  registered  vehicle  resides.  If  the  owner 
resides  outside  of  an  incorporated  city  or  town  the  20 
per  cent  share  is  remitted  to  the  county  in  which  he 
resides.  The  statutes  provide  that  the  80  per  cent 
share  credited  to  the  State  shall  be  used  exclusively  to 
create  a  sinking  fund  for  the  prompt  payment  of  the 
principal  and  interest  on  the  State  road  bonds  out- 
standing, and  for  the  construction,  maintenance,  and 
improvement  of  public  highways,  roads,  and  bridges. 
The  statutes  are  silent  as  to  the  manner  in  which  the 
incorporated  municipalities  and  counties  may  use  their 
shares  of  license  fee  revenues. 

Arizona. — All  the  license  fees  are  credited  by  the 
State  treasurer  to  the  State  road-tax  funds  and  out  of 
this  fund  the  legislature  has  appropriated  a  sum  not  to 
exceed  $25,000  for  the  purpose  of  meeting  the  admin- 
istration and  collection  expenses. 

Arkansas. — A  special  fund  is  created  in  the  State 
treasurer's  office  known  as  the  State  highway  fund. 
All  the  money  which  the  State  receives  from  the  col- 
lection of  license  fees  and  gasoline  and  oil  taxes  is 
credited  to  this  fund.  The  State  highway  commission 
allots  the  sum  of  $3,000,000,  or  as  much  thereof  as  is 
available  in  the  treasury  by  July  1  of  each  year,  to  the 
counties,  apportioned  on  the  basis  of  population.  For 
the  purpose  of  determining  the  use  of  these  county- 
allotted  funds  the  statutes  classify  the  counties. 

Class  A  includes  13  counties,  named  in  the  law, 
which  are  required  to  use  the  whole  of  the  funds 
derived  from  the  State  in  part  payment  of  highway 
bonds  and  interest  coupons.  Class  B  includes  only  3 
counties  which  are  required  to  devote  90  per  cent  of 
I  heir  State  allotment  to  bond  and  interest  payments 
and  to  place  the  remaining  10  per  cent  in  the  county 
highway  improvement  fund.  Class  C  includes  11 
counties  which  are  required  to  devote  75  per  cent  of 
their  State  allotment  to  bond  and  interest  payments 
and  to  credit  the  remaining  25  per  cent  to  the  county 
highway  improvement  fund.  In  class  D  there  are  10 
counties  which  are  required  to  devote  50  per  cent  of 
their  State  allotment  to  bond  and  interest  payments 
and  the  remaining  50  per  cent  to  the  county  highway 
improvement  fund.  Class  E  includes  13  counties,  the 
allotment  being  divided  25  per  cent  for  bond  and 
interest  payments  and  75   per  cent  credited   to   the 


county  highway  improvement  fund.  No  counties  are 
put  in  class  F,  of  which  the  stated  percentages  are  10 
per  cent  for  bond  and  interest  payment  and  90  per 
cent  for  the  county  highway  improvement  fund.  Class 
G  contains  26  counties  which  are  authorized  to  place 
all  of  their  State  allotments  into  their  respective  county 
highway  improvement  funds.  The  county  courts  are 
authorized  to  expend  the  funds  put  into  the  county 
highway  improvement  fund  upon  the  public  highways 
for  construction  and  maintenance  purposes. 

California. — The  motor-vehicle  license  fees  are  kept 
by  the  State  treasurer  in  a  motor- vehicle  fund.  From 
this  fund  are  deducted  the  expenses  of  the  motor- 
vehicle  department,  which  may  not  exceed  20  per  cent 
of  the  revenues.  One-half  of  the  balance  in  the  motor- 
vehicle  fund  is  paid  over  to  the  counties  in  proportion 
to  the  number  of  motor  vehicles  registered.  The 
amount  paid  by  the  State  for  State  inspectors  and 
traffic  officers  is  deducted  from  this  county  allotment. 
All  amounts  paid  to  the  counties  are  credited  to  the 
road  funds  of  the  counties  and  are  to  be  expended 
exclusively  in  the  construction  and  maintenance  of 
public  roads,  bridges,  and  culverts  within  the  respec- 
tive counties.  The  board  of  supervisors  has  the  power 
to  devote  a  portion  of  such  allotted  funds  to  the  con- 
struction, maintenance,  and  repair  of  streets  and 
bridges  within  incorporated  cities.  Annual  reports 
have  to  be  made  by  the  county  supervisors  to  the 
State  department  of  public  works  showing  the  amount 
of  money  received  and  the  disposition  thereof.  The 
balance  in  the  State  motor-vehicle  fund  is  expended 
under  the  direction  of  the  State  department  of  public 
works  for  the  maintenance,  repair,  widening,  resurfac- 
ing, and  reconstruction  of  State  roads  and  highways. 
The  funds  allocated  to  the  State  department  are  not 
to  be  used  for  construction  purposes  though  that  use 
is  permitted  to  the  county  highway  officials. 

Colorado. — The  State  treasurer  deducts  from  the  re- 
ceipts derived  from  motor-vehicle  license  fees  the 
necessary  administrative  expenses.  Fifty  per  cent  of 
the  balance  is  expended  by  the  State  highway  commis- 
sion for  the  construction,  maintenance,  and  improve- 
ment of  the  State  highways  and  for  no  other  purpose. 
The  remaining  50  per  cent  is  paid  over  to  the  counties, 
in  proportion  to  the  money  collected,  for  the  exclusive 
purpose  of  constructing,  maintaining,  and  improving 
county  roads  and  bridges. 

Connecticut. — All  license  revenues  are  expended  by 
the  State  highway  commissioner  for  the  construction, 
maintenance,  or  reconstruction  of  State  highways.  The 
law  makes  no  mention  of  administrative  expenses. 

Delaware. — The  State  treasurer  is  directed  to  pay 
out  of  motor-vehicle  revenues  the  interest  on  highway 
bonds  and  to  put  into  a  separate  fund  annually  the 
necessary  amount  to  meet  the  sinking-fund  require- 
ments. The  balance  is  to  be  expended  by  the  State 
highway  department  for  the  construction  and  mainte- 
nance of  State  highways. 

Florida. — After  deducting  the  collection  and  admin- 
istrative expenses  5  per  cent  of  the  receipts  from  motor- 
vehicle  license  fees  is  set  aside  for  the  maintenance  of 
the  State  road  department;  25  per  cent  is  allocated  to 
the  counties  as  a  State-aid  fund  for  the  purpose  of 
construction  and  maintenance  of  coimty  roads.  This 
amount  is  apportioned  among  the  counties  on  the  basis 
of  the  amount  of  fees  collected.  The  balance,  or  70  per 
cent,  is  placed  in  a  fund  to  be  used  by  the  State  road 
department  for  the  construction  and  maintenance  of 
State  and  Federal-aid  roads. 


January,  1927 


PUBLIC    HON  [  is 


213 


Georgia— :The  highway  commission  allocates  the  net 
amount  of  license  fees  collected  to  the  counties  accord- 
ing^ post-road  mileage.  Such  funds  are  expended  by 
the' highway  commission  in  the  building,  repairing,  and 
maintaining  of  public  roads  in  each  of  the  counties. 

Idaho.— The  county  assessors  who  collect  the  license 
fees  are  directed  to  remit  10  per  cent  of  their  collec- 
tions to  the  State  treasurer  who  places  these  payments 
in  the  State  highway  fund.  Ninety  per  cent  of  the 
fees  collected  accrue  to  the  counties.  The  county  com- 
missioners of  each  county  apportion  to  the  interest 
and  sinking  fund  of  the  county  such  amounts  as  are 
necessary  for  the  current  year.  The  balance  of  the 
fees  is  divided  by  the  county  commissioners  among  the 
regularly  organized  highway  districts  in  proportion  to 
the  collections  made  from  such  districts.  If  any  bal- 
ances remain  they  are  apportioned  to  the  county  road 
and  bridge  funds. 

Illinois. — All  license  fees  are  deposited  with  the  State 
treasurer  and  become  a  part  of  the  State  road  fund. 
This  fund  is  used  for  the  purpose  of  meeting  the  prin- 
cipal and  interest  requirements  on  highway  bonded 
indebtedness.  If  there  is  any  balance  left  it  is  to  be 
used  for  the  improvement  of  the  highways  of  the  State 
or  for  the  construction  and  maintenance  of  durable, 
hard-surfaced  roads  along  designated  routes. 

Indiana. — After  collection  expenses  are  deducted  all 
the  receipts  derived  from  motor-vehicle  license  fees 
are  placed  in  a  State  highway  fund  which  is  available 
to  the  State  highway  commission  for  construction  and 
maintenance  purposes. 

Iowa. — The  law  provides  that  2J^  per  cent  of  the 
license  fee  collections  shall  be  credited  to  a  maintenance 
fund  for  the  State  highway  commission  and  that  3j/£ 
per  cent  shall  be  credited  to  a  maintenance  fund  for  the 
motor-vehicle  department.  The  balance,  less  50  cents 
per  license  issued  which  is  retained  by  the  county 
treasurer  to  cover  his  registration  expenses,  0.5  per 
cent  of  which  is  credited  to  a  reimbursement  fund,  is 
turned  into  the  primary  road  fund.  This  primary  road 
fund  is  apportioned  among  the  counties  in  the  same 
ratio  that  the  area  of  each  county  bears  to  the  total 
area  of  the  State.  The  law  defines  primary  roads  as 
those  main  marked  roads  which  connect  all  the  county 
seat  towns  with  the  main  market  centers.  A  small  fund 
known  as  the  Federal  engineering  fund  is  also  created 
out  of  the  license  fees. 

Kansas. — The  county  treasurers  collect  the  license 
fees  and  remit  to  the  Secretary  of  State  50  cents  for 
each  motor-vehicle  license  issued.  Of  the  balance  25 
per  cent  remains  in  the  county  where  collected  and  is 
divided  among  the  townships  in  proportion  to  the 
amount  collected  in  each.  The  remaining  75  per  cent 
of  the  fees  is  transmitted  to  the  State  treasurer  and 
placed  in  the  State  highway  fund,  to  which  is  also  added 
the  money  derived  from  the  gasoline  tax.  There  is 
withdrawn  annually  from  this  State  highway  fund  the 
sum  of  $300,000,  which  is  placed  in  another  fund 
known  as  the  State-aid  road  fund  and  expended  in  the 
various  counties  upon  the  State  highway  system  under 
the  direction  of  the  State  highway  commission  acting 
in  conjunction  with  the  boards  of  county  commis- 
sioners. Forty  per  cent  of  this  sum  is  distributed 
equally  among  all  of  the  counties  of  the  State  and  60 
per  cent  is  distributed  in  proportion  to  assessed  valu- 
ation. The  remainder  of  the  State  highway  fund,  after 
deducting  the  sum  of  $300,000  and  a  sum  not  to  exceed 
$75,000  for  the  maintenance  of  the  State  highway  com- 
mission, is  distributed  among  the  counties  in  the  same 
proportion  as  noted  above.    The  fund  thus  created  in 


the  various  counties  is  known  as  the  county  and  Slate 
road  fund  and  is  used  for  the  construction,  reconstruc- 
tion, and  maintenance  of  State  roads  in  the  counties. 
Not  more  than  20  per  cent  of  this  fund  can  be  expended 
on  county  or  township  roads. 

Kentucky. — All  motor  vehicle  license  fee  receipts  are 
deposited  in  the  State  road  fund,  out  of  which 
paid  the  expenses  of  the  State  tax  commission  incident 
to  the  enforcement  of  the  registration  law.  The  bal- 
ance of  the  fund  is  used  only  for  the  purpose  of  con- 
struction, reconstruction,  maintenance,  and  repair  of 
roads  and  highways. 

Louisiana. — All  license  fees  are  deposited  with  the 
State  treasurer  and  credited  to  the  account  of  the 
general  highway  fund  which  is  used  by  the  State  high- 
way commission  for  the  construction  and  maintenance 
of  State  highways. 

Maine. — All  the  fees  collected  are  turned  over  to 
the  State  treasurer  and  are  used  for  the  administra- 
tion of  the  office  and  duties  of  the  highway  commis- 
sion, including  the  expenses  of  administering  the 
motor-vehicle  department.  The  balance  is  used  for 
the  repair  and  maintenance  of  the  State-aid  highways 
under  the  direction  of  the  commission  and  to  meet  the 
interest  and  principal  payments  of  the  bond  issues  for 
highway  construction  purposes. 

Maryland. — The  commissioner  of  motor  vehicles  is 
directed  to  remit  to  the  State  treasurer  all  license-fee 
revenues  received  by  him  to  be  placed  in  a  special 
fund.  Out  of  this  fund  the  legislature's  appropriations 
for  the  department's  administrative  expenses  are  met. 
The  balance  is  distributed  in  quarterly  installments 
20  per  cent  to  the  city  of  Baltimore  for  use  on  its 
roads,  80  per  cent  to  the  State  roads  commission  to 
be  used  for  the  oiling,  maintenance,  and  repair  of  the 
State  and  State-aid  roads. 

Massachusetts. — All  the  motor-vehicle  revenues  re- 
ceived and  collected  by  the  registrar  of  motor  vehicles 
are  credited  to  a  fund  known  as  the  highway  fund. 
Out  of  it  the  department's  administrative  expenses  are 
paid.  The  balance  is  used  under  the  direction  of  the 
highway  division  of  the  department  of  public  works  for 
maintaining,  repairing,  improving  and  constructing 
town  and  county  roads;  for  maintaining,  repairing  and 
improving  State  highways  and  bridges;  for  construction 
of  State  highways  partially  financed  through  Federal- 
aid  funds;  for  engineering  services,  purchase  and 
maintenance  of  road-building  machinery,  snow  removal, 
erection  and  maintenance  of  warning  and  direction 
signs,  care  of  shrubs  and  trees  on  State  highways;  to 
meet  the  interest  and  sinking-fund  payments  on  Sta 
highway  bonds;  to  meet  the  State's  share  of  the  interest 
and  sinking-fund  payments  on  metropolitan  park  loans 
and  to  meet  the  State's  share  of  the  cost  of  maintenance 
of  boulevards  in  the  metropolitan  park  district  and  the 
cost  of  construction  of  such  boulevards.  The  distribu- 
tion of  funds  for  all  of  these  purposes  is  left  to  the  State 
commission  except  for  those  fixed  or  contractual  pay- 
ments which  have  to  be  met. 

Michigan. — All  license  fees  are  deposited  in  the  State 
treasury  to  the  credit  of  the  State  highway  fund.  Six 
million  dollars  are  returned  to  the  counties  in  propor- 
tion to  the  amounts  received  as  license  fees  from  the 
owners  of  motor  vehicles  within  the  several  counties. 
These  funds  are  to  be  used  for  highway  purposes  under 
the  jurisdiction  of  county  authorities.  Further  appro- 
priations from  this  State  highway  fund  for  1925  were: 

(a)  A  sum  not  less  than  $1,200,000  to  meet  the  interest 
and  sinking-fund  payments  of  State  highway  bonds; 

(b)  $2,000,000  for  the  maintenance  of  State  trunkline, 
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Federal-aid  and  nontrunk-line  highways;  (c)  $1,000,000 
for  building  trunk-line  bridges,  including  grade  separa- 
tions; (d)  $500,000  for  nontrunk-line  highway  mainte- 
nance and  for  nontrunk-line  bridges;  (e)  the  balance 
not  otherwise  appropriated  for  opening,  widening,  and 
improving  State  trunk-line  and  Federal-aid  highways. 
There  is  also  appropriated  out  of  the  State  highway  fund 
the  sum  of  $300,000  to  cover  the  operating  expenses  of 
the  State  highway  department. 

Minnesota. — The  proceeds  of  the  license  fees  and 
motor-vehicle  taxes  are  deposited  in  the  State  treasury 
and  constitute  a  fund  known  as  the  trunk-highway 
sinking  fund.  The  law  provides  that  out  of  this  fund 
there  shall  be  taken  and  deducted  annually  the  amount 
required  during  the  year  as  interest  and  principal 
payments  on  State  highway  bonds.  After  these 
payments  are  made  or  determined  upon  the  balance  is 
transferred  from  the  trunk-highway  sinking  fund 
to  the  trunk-highway  fund  which  is  used  by  the  State 
department  of  highways  for  administration,  mainten- 
ance, and  construction  purposes.  Up  to  the  present 
time  the  State  has  not  issued  any  highway  bonds  so 
it  is  not  necessary  to  set  aside  any  funds  for  interest 
and  principal  payments  upon  such  bonds.  The  law 
also  provides  that  the  State  shall  reimburse  the  counties 
for  certain  work  done  by  the  counties  on  roads  that  are 
now  a  part  of  the  State  highway  system.  In  fulfilling 
this  requirement  the  State  has  made  itself  responsible 
for  the  interest  and  principal  payments  of  such  county 
bonds  and  there  is  set  aside  out  of  the  trunk-highway 
sinking  fund  a  sum  amounting  to  $2,000,000  a  year 
for  these  specific  purposes. 

Mississippi. — The  county  tax  collector  who  collects 
the  motor-vehicle  license  fees  deducts  3  per  cent  as  his 
commission,  and  turns  the  balance  of  his  collections 
into  the  county  road  fund.  These  funds  are  used  to 
maintain,  repair,  construct,  or  extend  the  highways 
in  the  county,  preference  being  given  to  designated 
State  highways. 

Missouri. — All  moneys  arising  from  motor-vehicle 
license  fees  after  deducting  the  administration  and 
collection  costs  are  deposited  in  the  State  treasury  and 
credited  to  a  State  road  fund.  The  revenues  derived 
from  the  sale  of  option  stamps  are  also  turned  into  this 
fund.  Out  of  this  fund  are  paid:  (a)  The  administra- 
tive cost  and  expenses  of  the  State  highway  department; 
(6)  $400,000  biennially  for  the  purpose  of  providing 
the  sum  of  not  more  than  $25  per  mile  per  annum  for 
dragging  and  otherwise  improving  intercounty-seat 
highways;  (c)  the  amount  needed  to  match  Federal-aid 
allotments;  (d)  the  remainder  to  be  used  in  the  construc- 
tion of  State  roads. 

Montana. — After  deducting  from  the  receipts  all  ad- 
ministrative and  collection  expenses,  50  per  cent  of  the 
balance  is  transmitted  back  to  the  counties  from  which 
the  fees  came  and  is  deposited  to  the  credit  of  the  general 
road  fund  of  the  county;  the  remaining  50  per  cent  is 
deposited  to  the  credit  of  the  State  highway  fund,  which 
is  used  for  construction  and  maintenance  purposes. 

Nebraska. — The  county  treasurer  of  each  county 
collects  the  motor-vehicle  license  fees.  Thirty  per 
cent  of  the  fees  are  transmitted  by  the  county  treasurers 
to  the  State  treasurer  to  be  credited  to  the  State  high- 
way fund  and  used  for  the  maintenance  of  the  State 
highway  system.  The  remainder  of  the  revenues  is 
kept  by  the  counties;  75  per  cent  to  be  used  for  the 
maintenance  of  that  part  of  the  State  highway  system 
within  the  respective  counties  and  25  per  cent  credited 
to  the  county's  road  dragging  fund. 


Nevada. — All  motor-vehicle  revenues  are  placed  by  the 
State  treasurer  in  a  motor-vehicle  license  fund.  Dis- 
bursements from  this  fund  are  made  as  follows :  (a)  To 
meet  the  interest  and  principal  payment  requirements  of 
the  State  highway  bonds;  (b)  to  meet  the  expenses  of 
administering  the  registration  law  50  cents  per  vehicle 
registered  is  placed  in  a  motor-vehicle  expense  fund ;  and 
(c)  after  these  requirements  are  met  the  State  controller 
is  directed  to  transfer  the  balance  at  the  end  of  each 
three-month  period  to  the  State  highway  fund  which 
is  used  by  the  State  commission  for  the  purpose  of 
constructing,  equipping  and  maintaining  the  highways 
designated  as  the  State  highway  system. 

New  Hampshire. — After  all  expenses  of  the  com- 
missioner of  motor-vehicles  department  have  been 
met  out  of  motor-vehicle  revenues  the  balance  is 
placed  in  a  fund  to  be  used  by  the  State  highway  com- 
missioner for  the  construction  of  State  and  State-aid 
roads  and  for  their  maintenance. 

New  Jersey. — The  license-fee  receipts,  after  making  a 
deduction  for  the  expenses  of  the  motor-vehicle  depart- 
ment, are  deposited  with  the  State  treasurer  to  be 
used  for  construction  and  maintenance  purposes  by 
the  State  highway  commission.  The  legislature  at 
its  last  session  appropriated  $840,000  from  the  motor- 
vehicle  funds  and  distributed  this  amount  equally 
among  the  21  counties.  A  further  appropriation  of 
$60,000  was  made  as  aid  in  the  maintenance  of  inter- 
state bridges  which  had-  been  freed  by  the  Delaware 
River  Free  Bridge  Commission. 

New  Mexico. — The  law  authorizes  a  collection  fee  of 
not  more  than  5  per  cent,  and  the  balance  of  the 
motor-vehicle  revenues  is  deposited  with  the  State 
treasurer.  Two-thirds  of  this  amount  is  credited  to 
the  State  road  fund  to  be  used  by  the  State  highway 
commission  for  the  maintenance  of  State  highways 
in  the  several  counties  as  near  by  as  practicable  in 
proportion  to  the  fees  paid  by  motor-vehicle  owners 
residing  in  each  county.  The  remaining  third  is 
transmitted  to  the  county  treasurers  in  proportion 
to  the  amount  of  fees  paid  and  credited  to  the  county 
road  fund  of  each  county  for  use  in  the  maintenance 
of  county  roads. 

New  York. — Every  month  the  collecting  agency 
deposits  75  per  cent  of  the  funds  on  hand  with  the 
State  treasurer  and  25  per  cent  of  the  registration  fees 
collected  in  each  county  with  the  treasurer  of  the 
county.  The  funds  received  by  the  State  treasurer 
are  used  in  the  maintenance  and  repair  of  the  improved 
roads*  of  the  State  under  the  direction  of  the  State 
commissioner  of  highways.  All  funds  received  by 
the  county  treasurers  are  used  for  the  permanent 
construction  and  maintenance  of  town  highways  and 
county  roads.  The  funds  accruing  to  the  city  of 
New  York  are  credited  to  the  city's  general  fund. 

North  Carolina. — After  the  collection  and  registra- 
tion expenses  are  deducted,  which  may  not  exceed  10 
per  cent  of  the  total  amount  collected,  the  motor- 
vehicle  license  fees  are  credited  to  a  fund  for  meeting 
interest,  sinking  fund  and  principal  payment  require- 
ments of  the  bonds  issued  by  the  State  for  highway 
improvements.  What  balance  is  not  needed  for  these 
specific  purposes  is  used  by  the  State  highway  commis- 
sion for  the  maintenance  of  highways  in  the  State 
system  and  for  construction  and  reconstruction  pur- 
poses. A  provision  of  the  law  allows  cities  and  towns 
to  charge  a  license  not  to  exceed  $50  for  any  motor 
vehicle  used  in  transporting  persons  or  property  for 
hire  in  lieu  of  all  other  charges,  fees,  and  licenses. 
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North  Dakota. — The  moneys  received  into  State 
treasury  as  motor-vehicle  license  fees  are  expended  as 
follows:  A  sum  not  to  exceed  $150,000  per  annum  for 
expenses  of  the  State  highway  commission  for  carrying 
out  provisions,  of  the  motor-vehicle  registration  act  and 
the  State  highway  commission  act;  a  further  sum  of 
$130,000  annually  to  meet  State  obligations  for  bridge 
loans;  50  per  cent  of  balance  paid  to  county  road  funds 
for  the  construction  and  maintenance  of  county  roads; 
the  remaining  50  per  cent  shall  remain  in  State  high- 
way fund  for  construction,  reconstruction,  and  main- 
tenance of  Federal-aid  and  State-aid  roads. 

Ohio. — Fifty  per  cent  of  the  license  fees  collected  is 
turned  back  for  the  use  of  the  municipal  corporation 
or  county  in  which  the  fees  are  originally  collected. 
Such  moneys  constitute  a  fund  which  is  used  for  the 
maintenance  and  repair  of  public  roads,  highways  and 
streets  and  for  no  other  purpose.  The  remaining  50 
per  cent  of  the  receipts  is  deposited  in  the  State  treasury 
and  credited  to  a  State  maintenance  and  repair  fund. 
The  expenses  incident  to  the  administration  of  the 
registration  law  are  paid  out  of  this  fund  and  the 
remainder  is  for  the  use  of  the  director  of  highways 
and  public  works. 

Oklahoma. — An  amount  equal  to  40  per  cent  of  the 
revenues  derived  from  license  fees  is  credited  to  the 
State  highway  construction  and  maintenance  fund;  60 
per  cent  is  transmitted  to  the  counties  in  proportion 
to  the  amount  collected  in  each  respectively.  This 
fund  is  used  for  construction  and  maintenance.  The 
county  treasurers  are  directed  to  turn  over  to  the 
treasurers  of  incorporated  cities  and  towns  15  per  cent 
of  the  fees  collected  from  motor  vehicle  owners  residing 
within  such  incorporated  places  which  amount  is 
credited  to  the  local  street  and  alley  fund.  The  bal- 
ance of  the  county's  share  is  credited  to  the  county 
highway  construction  and  maintenance  fund. 

Oregon. — After  deducting  the  collection  and  admin- 
istrative expenses  the  revenues  derived  from  registra- 
tion fees  are  divided  between  the  State  and  the  counties, 
75  per  cent  of  this  balance  is  transferred  to  the  State 
highway  fund,  25  per  cent  is  transmitted  to  the  county 
treasurers  of  the  various  counties  in  proportion  to  the 
receipts  from  each  county.  In  each  county  there  is 
created  a  motor-license  fund  arising  from  the  money 
received  from  the  State.  This  county  fund  is  used 
and  disbursed  in  the  following  order:  (a)  Payment  of 
interest  and  principal  of  county  highway  bonds; 
(6)  where  no  bonds  have  been  issued  or  where  other 
provision  has  been  made  for  the  interest  payment  and 
retirement  of  such  bonds,  the  funds  are  used  to  prepare 
the  roadbeds  and  bridges  for  the  the  construction  of 
State  highways;  (c)  if  provision  has  been  made  for 
meeting  bond  requirements  and  for  the  payment  of 
expenses  of  preparing  the  roadbed  then  the  money 
may  be  used  in  the  discretion  of  the  county  court  for 
general  road  improvements. 

Pennsylvania. — The  receipts  derived  from  the  licens- 
ing and  registering  of  motor  vehicles  are  placed  in  a 
fund  known  as  the  motor-license  fund.  Out  of  this 
fund  are  paid  all  the  administrative  expenses  of  the 
State  highway  department  which  is  responsible,  along 
with  its  other  duties,  for  the  collection  of  the  license 
fees.  A  prior  lien  on  this  fund  is  the  amount  of  money 
necessary  for  the  payment  of  interest  and  sinking- 
fund  charges  on  highway  bonds  issued  by  the  State. 
The  rest  is  at  the  disposal  of  the  highway  department 
for  the  purpose  of  assisting  in  the  maintenance,  con- 


struction, reconstruction,   and  improvement  of  State 
and  State-aid  highways,  and  also  for  the  maintenan 
of  interstate  bridges. 

Rhode  Island. — -All  the  motor-vehicle  revenues  are 
deposited  in  the  State  treasury  and  out  of  them  are 
paid  the  costs  of  license  plates  not  to  exceed  $30,000, 
the  annual  salaries  of  clerks  employed  by  the  Slat.' 
board  of  public  roads  not  to  exceed  $89,000,  and  other 
expenses  not  to  exceed  $30,000.  The  balance  is  used 
for  the  construction,  repair,  and  maintenance  of,  and 
removal  of  snow  from  State  roads  and  highw  a\  s  under 
the  direction  of  the  State  authorities. 

South  Carolina. — The  receipts  from  motor-vehicle 
license  fees  are  expended  by  and  under  the  direction 
of  the  State  highway  department  for  the  construction 
and  maintenance  of  the  State  highway  system. 

South  Dakota. — The  collections  are  made  by  the 
county  treasurers  who  forward  one-half  of  the  receipts 
to  the  State  treasurer  to  be  placed  in  the  State  highway 
fund  for  construction  and  maintenance  purposes;  2  per 
cent  is  transmitted  to  the  secreatry  of  state  to  be  placed 
in  the  State  motor-vehicle  fund  for  the  purpose  of 
meeting  his  expenses  incurred  in  connection  with  the 
registration  law;  and  48  per  cent  is  credited  to  the 
motor-vehicle  fund  of  the  county  in  which  the  money 
is  collected.  The  law  further  provides  that  75  per  cent 
of  the  funds  in  the  State  highway  fund  shall  be  appor- 
tioned for  expenditure  among  the  counties  on  the  basis 
of  assessed  valuation;  the  remaining  25  per  cent,  after 
the  commission's  expenses  are  deducted,  is  used  by 
the  State  highway  commission  for  highway  purposes. 

Tennessee. — Fifty  per  cent  of  the  net  receipts  is  dis- 
tributed equally  among  the  counties  of  the  State  and 
the  remaining  50  per  cent  is  expended  upon  such  State 
h'ghways  for  construction  arid  maintenance  as  may  be 
designated  by  the  highway  commission.  The  State 
highway  commission  also  has  the  right  to  designate  the 
roads  in  the  several  counties  upon  which  the  counties 
are  to  spend  their  respective  shares  of  the  funds  and 
the  character  of  construction  and  maintenance. 

Texas. — The  motor  vehicle  license  fees  are  based 
upon  two  separate  computations;  17^  cents  per  horse- 
power is  one  part  of  the  license  fee,  the  other  is  the  re- 
sult of  applying  a  certain  rate  to  the  weight  of  the 
vehicle.  The  county  collector  of  taxes  who  collects 
the  license  fees  is  directed  to  deposit  to  the  credit  of 
the  county  road  and  bridge  fund  an  amount  equal  to 
17}/£  cents  per  horsepower  for  every  vehicle  registered. 
The  balance  of  the  fees  derived  from  the  weight  factor 
is  transmitted  and  credited  to  the  State  highway  de- 
partment. Approximately  three-fourths  of  the  total 
collections  is  turned  over  to  the  State  department  and 
one-fourth  is  retained  by  the  counties. 

Utah. — All  the  fees  are  deposited  with  the  State 
treasurer  and  credited  to  a  fund  known  as  the  motor- 
vehicle  registration  fund.  Out  of  this  fund  are  paid 
the  registration  expenses.  The  balance  is  applied  to 
interest  and  principal  payments  on  State  road  bonds. 

Vermont. — The  net  fees  are  turned  over  to  the  State 
treasurer  and  are  made  available  for  road  maintenance 
by  the  State  highway  department. 

Virginia. — After  deduction,  of  registration  and  col- 
lection expenses  the  motor-vehicle  revenues  are  de- 
posited in  the  State  treasury  and  are  expended  by  the 
highway  commission  for  the  construction  and  mainte- 
nance of  State  highways  and  bridges. 

Washington.     The  State  treasurer  places  all  te< 
the   credit   of   the   motor-vehicle    fund    in    the   Sti 
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treasury  from  which  are  paid  annually:  Expenses  of 
the  mo  tor- vehicle  department  for  issuing  licenses; 
repayments  to  counties  entirely  surrounded  by  water; 
the  sum  of  $1,400,000  to  the  credit  of  a  State-treasury 
fund  called  "primary  highway  maintenance  fund"; 
the  balance  to  paving  and  general  road  construction  as 
provided  by  appropriation. 

The  primary  highway  maintenance  fund  is  dis- 
tributed as  follows: 

(1)  To  each  first  and  second  class  city  in  which  are 
streets  forming  a  part  of  the  primary  State  highway,  a 
sum  equal  to  $500  per  mile  for  each  primary  highway 
in  such  city  for  maintenance  and  improvement  of 
streets. 

(2)  To  each  third  and  fourth  class  city,  similarly  to 
above,  $300  per  mile. 

(3)  To  each  county  in  which  are  located  primary 
highways,  similarly,  $300  per  mile. 

(4)  The  balance  to  the  counties  in  proportion  to 
money  paid  into  the  highway  fund  for  maintenance  of 
primary  highways. 

West  Virginia. — The  collection  of  license  fees  and 
the  registration  of  motor  vehicles  are  under  the  juris- 
diction of  the  State  road  commission.  The  receipts 
are  placed  in  the  State  road  fund.  Out  of  it  are  paid 
the  commission's  expenses  and  the  balance  is  devoted 
to:  (a)  Principal  and  interest  payments  on  State 
highway  bonds;  (6)  the  maintenance  and  construction 
of  State  roads. 

Wisconsin. — After  deducting  collection  and  ad- 
ministrative expenses  the  net  motor-vehicle  license  fees 
and  the  net  gasoline-tax  receipts  and  Federal-aid 
allotments  are  appropriated  for  the  use  of  the  State 
highway  commission  under  the  following  restrictions 
and  directions  of  the  legislature: 

(1)  One  hundred  thousand  dollars  allocated  annually 
to  meet  the  expenses  of  the  highway  commission;  (2) 
after  the  commission's  expenses  are  set  aside,  10  per 
cent  of  the  remainder  of  the  appropriation  is  devoted 
to  the  improvement  of  the  State  trunk  highway  system 
to  be  expended  on  such  projects  as  the  commission  shall 
from  time  to  time  determine;  (3)  $100,000  is  set  aside 
annually  for  the  marking  and  signing  of  the  State 
trunk  highway  system;  (4)  the  counties  receive  from 
$300  to  $500  per  mile  for  the  maintenance  of  the  State 
trunk  highway  system,  the  cities  receive  similar  pay- 
ments per  mile  of  streets  forming  State  trunk  highway 
connections,  and  special  sums  are  provided  for,  to  be 
paid  counties,  cities,  and  villages  which  provide  and 
maintain  free  swing  or  lift  bridges  on  the  State  trunk- 
highway  system;  (5)  $250,000  is  appropriated  annually 
to  pay  the  State's  portion  of  the  cost  of  bridges;  (6) 
$25,000  for  improving  highways  forming  connections 
between  State  charitable  institutions  and  the  State 
trunk-highway  system;  (7)  $50,000  for  the  construc- 
tion and  maintenance  of  roads  in  State  parks;  (8) 
$15,000  for  the  purpose  of  making  surveys  of  local 
road  materials;  (9)  for  the  improvement  of  roads  and 
streets  not  part  of  the  State  trunk  highway  system  in 
towns,  villages,  and  cities  (each  town  and  village  receives 
$25  per  year  for  each  mile  of  such  streets,  cities  with  a 
population  of  not  more 'than  10,000  receive  $50  per 
mile,  cities  with  a  population  from  10,000  to  39,000 
receive  $100  per  mile,  cities  with  a  population  from 
40,000  to  150,000  receive  $150  per  mile,  and  cities  with 
a  population  in  excess  of  150,000  receive  $200  per  mile); 
(9)  the  balance  remaining  after  the  amounts  for  the 
above-named  pruposes  are  appropriated  is  used  for  the 


improvement  of  the  State  trunk  highway  system  and 
the  county  trunk  highway  systems. 

Wyoming. — The  revenues  derived  from  mo  tor- vehicle 
license  fees  are  devoted  to  the  interest  and  sinking-fund 
payments  on  State  highway  bonds. 

PART  II.  RECEIPTS  FROM  GASOLINE  TAXES 

As  has  already  been  indicated  the  gasoline  tax 
continues  to  furnish  a  more  and  more  important  source 
of  funds  derived  from  motor-vehicle  owners  and 
operators  used  for  highway  purposes.  In  1925  there 
were  only  four  States — Illinois,  Massachusetts,  New 
Jersey,  and  New  York — which  did  not  resort  to  the 
gasoline  tax  as  a  revenue-producing  measure  for  the 
construction  and  maintenance  of  highways.  The  tax 
rate  ranges  from  1  to  5  cents  per  gallon.  In  1925  a 
total  tax  of  $146,028,940  was  collected  from  the  sale  of 
6,457,783,284  gallons  of  gasoline  used  in  motor  vehicles, 
from  which  it  appears  that  the  average  tax  rate  is  2.2 
cents  per  gallon.  In  the  four  States  mentioned  above 
which  did  not  collect  this  type  of  tax,  and  in  other 
States  in  which  a  gasoline  tax  was  not  in  effect  during 
the  whole  12-month  period,  there  was  consumed  by 
motor  vehicles,  according  to  the  best  estimates  that 
can  be  made,  2,131,056,365  gallons  of  gasoline  which 
was  not  taxed. 

The  gasoline  tax  is  a  comparatively  new  method  of 
raising  funds  for  highways.  Although  a  form  of  sales 
tax  it  is  generally  conceded  that  the  gasoline  tax  is  in 
essence  a  type  of  road  toll  and  that  its  yield  and  earnings 
reflect  more  or  less  directly  the  use  made  of  the  high- 
ways by  motor  vehicles  and  measure  to  a  certain  degree 
the  benefits  resulting  therefrom. 

Point  of  collection. — There  are  only  three  States — 
Colorado,  North  Carolina,  and  Pennsylvania — which 
do  not  collect  the  tax  at  the  source.  These  States 
gather  the  tax  from  the  dealer  who  sells  to  the  consumer. 
In  all  other  States  the  tax  is  collected  at  the  source. 
This  usually  means  the  collection  from  the  person  or 
corporation  which  makes  the  original  sales  in  the 
States.  In  most  of  the  laws  they  are  termed  manu- 
facturers, importers,  distributers,  or  wholesalers. 

Collection  period.- — In  all  except  four  of  the  States 
which  have  in  effect  a  gasoline  tax  the  collections  are 
made  monthly.  In  California,  Georgia,  Pennsylvania, 
and  Tennessee  the  gasoline  taxes  are  paid  to  the  respec- 
tive States  quarterly.  In  most  cases  where  the  tax  is 
collected  at  the  source,  the  tax  is  remitted  by  the 
wholesale  distributers  accompanied  by  sworn  state- 
ments showing  in  detail  the  receipts  and  sales. 

Refunds. — The  laws  of  28  States  provide  for  a  re- 
funding of  the  tax  paid  on  gasoline  sold  for  other 
purposes  than  for  automobile  use.  The  Indiana  law, 
for  example,  has  this  provision:  "*  *  *  the  tax 
does  not  apply  to  gasoline  purchased  for  use  in  operat- 
ing stationary  gas  engines,  tractors  used  for  agricultural 
purposes,  motor  boats,  aeroplanes  or  aircraft,  or  for  use 
in  cleaning  or  dyeing,  or  for  any  other  commercial  use." 
Whether  the  tax  is  paid  by  the  wholesaler  or  by  the 
dealer,  gasoline  used  for  these  purposes  has,  in  most 
cases,  been  taxed  when  sold  to  the  consumer  and  the  con- 
sumer in  the  first  instance  pays  the  tax  which  is  in- 
cluded in  the  price  he  pays  for  the  gasoline.  Where 
gasoline  is  sold  under  such  circumstances,  there  is 
usually  a  provision  made  in  the  law  whereby  the  con- 
sumer can  secure  a  refund  of  the  amount  of  taxes  paid 
upon  gasoline  not  used  in  motor  vehicles  by  presenting 
a  sworn  statement  of  his  purchase  accompanied  by 
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invoices  or  purchase  memoranda.  There  are  still  16 
out  of  the  44  States  which  collect  the  tax  which  have 
not  made  any  provision  for  refunds  and  which  tax  all 
the  gasoline  sold  irrespective  of  its  use.  The  28  States 
which  grant  refunds  collected,  during  1925,  $100  604  85? 
and  refunded  $4,109,513,  or  4.1  per  cent.  It  is  no 
doubt  true  that  a  great  many  persons  buying  and  usino- 
but  small  quantities  of  gasoline  for  purposes  other  than 
highway  use  never  take  the  trouble  to  secure  any  re- 
iunds.  How  great  that  number  is  can  not  be  deter- 
mined definitely.  There  may  also  be  a  few  who 
through  false  statements  or  otherwise  secure  for  them- 
selves refunds  to  which  they  are  not  entitled.  The 
gross  amounts  collected  and  refunded  in  the  28  States 
which  provide  for  refunds  are  set  forth  in  Table  4. 

Table  4. — Gasoline  tax  receipts  and  refunds  in  1925  by  the  28 
States  providing  for  refunds 


Table  5. — Costs  of  gasoline  tax  colli 


State 


Gross 
amount 
collected 


Total  number   Reported!  ,.Collec; 
cnllpf.       l»>n  costs 

tionco 


of  gallons 
taxed 


State 


Total  gaso- 
line tax 
receipts 


Arizona 

Arkansas ... 

California 

Colorado 

Delaware. 

Idaho . 

Indiana 

Iowa 

Kansas 

Maine 

Maryland 

Michigan 

Minnesota 

Missouri 

Nebraska 

Nevada 

New  Hampshire. 
North  Carolina.. 
North  Dakota... 

Ohio 

Oregon 

South  Carolina.. 
South  Dakota. .. 

Virginia 

Washington 

West  Virginia..  _ 

Wisconsin 

Wyoming 


Total. 


,035,551 
i,  230, 559 
i,  150,387 
,991,531 
350,  580 
932,  064 
832,  4G2 
568, 184 
000,  253 
283,  874 
022,  986 
742,  392 
989,  L».S2 
234,  070 
202,  236 
335,  446 
716, 140 
238,  508 
649,416 
133, 785 
065, 151 
870,  588 
122, 406 
863,117 
205,114 
222, 329 
155,  469 
460,  972 


100,  604,  852 


Amount  of 
refunds 


$179,600 

280, 199 

1,  193,598 

30,  585 

8,499 

36,  621 

1 70.  4 13 

63,069 

95,059 

15,526 

45,  950 

506,314 

125,342 

7 1.  955 

8,434 

16,741 

9,068 

156, 130 

15,000 

123,  835 

156,056 

5,185 

274, 808 

161,  166 

184,  302 

35,  590 

123,793 

4,675 


4,  109,  513 


Ratio  of 
refunds 
to  total 
receipts 


Per  cent 
17.3 
8.7 
7.4 
1.5 
2.4 
3.9 
2.3 
1.8 
3.2 
1.2 
2.3 
5.8 
3.1 
1.8 
0.4 
5.0 
1.3 
2.5 
2.3 
1.3 
5.1 
0.  1 
12.9 
4.2 
5.8 
1.6 
3.0 
1.0 


4.1 


Mel  gaso 
line  tax 
receipts 


$855,  951 
2,  950,  360 
14,  956,  789 
1,960,946 
342,081 
895,  11.; 
7, 653, 049 
3,505,115 

2,  905, 194 
1.26s,  :;|v 
1.977,036 

8,  236,  078 

3,  863,  940 

1.  159,115 

2,  193,  802 
318,  705 
707,  072 

6,  082, 378 
634,416 

9,  009,  950 

2.  909.  095 

3,  865,  403 
1,  847,  598 
3,701,951 
3,020,812 
2,186,739 
4,031,676 

456,  297 


96,  495,  339 


GASOLINE  TAX  REFUNDS  VARIABLE 

The  ratio  of  the  refunds  to  the  total  collections 
varied  a  good  deal  in  the  several  States.  The  lowest 
amount  refunded  relative  to  the  total  gasoline-tax 
receipts  is  found  in  South  Carolina,  where  the  ratio  is 
0.1  per  cent;  the  highest  in  Arizona,  where  it  is  17.3 
per  cent.  In  South  Dakota  the  refunds  were  12.9  per 
cent  of  the  collections.  In  both  of  the  latter  States 
unusual  conditions  are  found  with  respect  to  these  re- 
funds. It  has  been  intimated  by  some  one  that  the 
refunds  in  Arizona  were  relatively  high  because  taxes 
were  paid  on  certain  amounts  of  gasoline  which  were 
afterwards  shipped  outside  of  the  State,  which  resulted 
in  claims  having  been  put  in  for  refunds.  The  reason- 
ableness and  justice  of  exempting  from  taxation  gaso- 
line not  used  by  motor  vehicles  can  be  readily  ad- 
mitted., in  as  much  as  the  prime  purpose  of  the  tax  is 
to  secure  funds  from  users  of  the  highways  in  propor- 
tion to  the  use. 

Collection  costs. — Only  21  States  reported  separately 
the  cost  of  collecting  gasoline  taxes.  In  these  States 
the  gross  amount  collected  in  1925  was  $82,456,346, 
and  collection  costs  as  reported  were  $217,393.  The 
collection  costs,  therefore,  amounted  to  an  average  cost 
for  these  States  of  $2.64  per  thousand  dollars,  or  0.264 
per  cent.     The  details  are  set  forth  in  Table  5. 
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Alabama. 

$2, 140,  802 
16,150,387 

7.657,  , ',117 
4,418,824 

!  32  (I6| 

7.  832, 462 
3,  568,  184 
1,283,874 
2,022,956 

8,  742,  392 
2,  11  1,274 
1,234,070 
2,  202,  236 

537  356 

California  . 

Florida 

Georgia 

Idaho. 

IiMuin.'i 

Iowa 

Maine 

Maryland.. 

Michigan... 
Mississippi 

Missouri 

Nebraska.. 

New  Mexico 

Oregon 

3,065,151 
3, 407,  886 
1,064,004 
3,863,117 
2,  222,  329 
4,155,469 
460,  972 

Tennessee 

Utah 

Virginia... 

West  Virginia. 

Wisconsin. 

Wyoming... 

Total 

I 

82, 456,  346 

107,040,092 

747.  8 

210,323,517 

138,802,152 

30,  809, 320 
272,  9i0,  870 
175,  255,  740 

56,513,741 

98,851,813 
HI,  803, 8!  I 

83,142,469 
207,  955, 474 

HK.I,  1,1111,    IJ'J 

20, 490,  892 

96,  969,  835 
122,000,680 

32,217,216 
123,398,365 

76,331,660 
201, 583, 789 

20,  746, 056 


$9,461 

$4.42 

7,393 

.  46 

6,000 

.78 

4,200 

9,466 

10.16 

12,436 

1.58 

5,520 

1.55 

4.36 

2,500 

1   24 

41,358 

4.73 

1,800 

.:■! 

23.429 

5.53 

1,963 

2.25 

26,868 

50.00 

6  .,  ,: 

2.14 

22,  768 

6.68 

3.750 

3.52 

5,  604 

1.45 

7,500 

3.37 

10,000 

2.41 

228 

.49 

3.  344,  747, 159 


217,393 


'2.64 


65  00 


Average. 


It  is  noted  that  the  collection  costs  vary  materially 
in  this  group  of  States  which  represent  approximately 
half  of  the  number  of  States  levying  a  gasoline  tax. 
In  California  the  reports  show  that  it  costs  (he  State 
only  46  cents  to  collect  $1,000  of  gasoline  taxes;  in 
New  Mexico,  which  is  at  the  other  extreme,  the  collec- 
tion costs  amount  to  $50  per  $1,000  collected.  These 
differences  in  collection  costs  can  be  explained  in  several 
ways.  It  is  quite  probable  that  some  of  the  States  in 
arriving  at  these  cost  figures  include  only  such  extra 
expenditures  incurred  by  those  State  officers  whose 
duty  it  is  to  collect  the  gasoline  tax  which  are  over  and 
above  the  office  expenses  prior  to  the  assumption  of  the 
new  duty.  In  New  Mexico,  on  the  other  hand,  the 
law  provides  that  the  collection  expenses  shall  not  ex- 
ceed 5  per  cent  of  the  collections  and,  according  to  the 
reports,  the  collection  costs  come  right  up  to  this  max- 
imum limit  fixed  by  statute.  There  is  another  con- 
sideration which  should  have  an  effect  on  this  ratio: 
It  should  not  involve  any  greater  costs  to  collect  a  tax 
of  2  or  3  cents  per  gallon  than  a  tax  of  1  cent  per  gallon. 
It  would,  therefore,  appear  that  if  the  States  followed 
a  uniform  system  of  cost  accounting,  the  collection 
costs  per  $1,000  would  be  correspondingly  lower  in  the 
States  charging  the  higher  gasoline  tax  rates. 

In  Table  5  the  collection  costs  are  also  computed  on 
a  per-million-gallon  basis.  In  making  that  comparison 
of  costs  the  element  of  the  tax  rate  is  completely 
eliminated.  The  costs  range  from  $9.86  per  million 
gallons  in  California  to  $1,310  in  New  Mexico,  the 
average  for  this  group  of  States  being  $65  per  million 
gallons. 

Aside  from  New  Mexico  the  costs  of  collecting  this 
amount  of  revenue  are  low  when  compared  with  the 
collection  costs  of  other  forms  of  revenue.  In  1924 
the  collection  of  the  custom  revenues  cost  the  Federal 
Government  $22.50  per  $1,000;  the  internal-revenue 
collection  costs  were  $12.10  per  $1,000.  These  figures 
are  compared  with  the  collection  cost  of  $2.64  per 
$1,000  of  gasoline  taxes  received.  The  collection  cost 
of  these  Federal  taxes  per  $1,000  amounts  to  over  five 
times  the  collection  cost  of  the  gasoline  I 

DISPOSITION  OF  THE  GASOLINE-TAX    REVENUES 

The  gasoline-tax  revenues  in  1925  amount c; I  to 
$144,921,949  after  deducting  $217,393  which  21  Stales 
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reported  as  their  total  collection  costs.  In  addition 
to  this  amount  $889,598  was  collected  in  the  District 
of  Columbia.  In  the  analysis  which  follows  these 
District  of  Columbia  revenues  are  not  included.  The 
disposition  of  the  gasoline-tax  revenues  was  made  for 
the  following  purposes  in  the  amounts  indicated. 


Purpose 


Amount 


Per  cent 


Construction  and  maintenance  of  State  highway  system. . .  $97, 084, 753 

Construction  and  maintenance  of  local  roads ___  31,848,464 

Principal  and  interest  payments  on  State  and  local  bonds..  5, 853,  703 

Transfers  to  general  fund 3,722,796 

Use  on  city  streets 3,097,892 

Other  purposes _ 3,314,341 

Total 144,921,949 


67.0 
22.0 
4.0 
3-6 
2.1 
2.3 


100.0 


According  to  this  classification  89  per  cent  of  the  net 
gasoline-tax  receipts  is  used  directly  for  the  construc- 
tion and  maintenance  of  rural  highways,  67  per  cent 
being  devoted  to  State  highway  systems  and  22  per 
cent  to  the  construction  and  maintenance  of  local  roads. 
The  remaining  11  per  cent  is  also  used  for  the  most  part 
for  road  and  street  purposes. 

Disposition  of  gasoline-tax  revenues  by  States. — The 
statutes  of  the  several  States  make  definite  provision 
for  the  disposition  of  the  gasoline-tax  revenues  just  as 
in  the  case  of  the  receipts  from  license  and  registration 
fees  analyzed  in  Part  I.  The  laws  of  some  of  the  States 
provide  that  the  money  derived  from  the  gasoline  tax 
shall  be  distributed  and  applied  in  the  same  manner  as 
the  license  fees;  in  other  States  a  totally  different  policy 
is  followed.  In  the  analysis  of  the  statutory  provisions 
made  by  the  different  States  with  respect  to  the  dispo- 
sition of  gasoline-tax  revenues  which  follows,  these 
similarities  and  dissimilarities  of  policy  are  set  forth. 

Alabama. — The  tax  is  collected  by  the  State  tax 
commission,  placed  in  the  State  treasury,  and  all  re- 
ceipts are  distributed  equally  every  month  among  the 
67  counties,  to  be  used  only  for  maintenance  and  repair 
of  roads  and  bridges. 

Arizona.- — The  Secretary  of  state  collects  the  tax  and 
after  deducting  collection  expenses  deposits  the  money 
with  the  State  treasurer  to  the  credit  of  the  gasoline-tax 
fund.  One-half  of  this  fund  is  turned  over  to  the  State 
road-tax  fund  and  the  other  half  is  turned  back  to  the 
counties  in  proportion  to  the  amount  collected  in  each 
to  be  used  for  the  maintenance  of  county  roads. 

Arkansas. — All  gasoline  and  oil  tax  revenues  are 
deposited  in  the  State  highway  fund.  The  distribution 
is  set  forth  in  detail  in  the  section  of  this  article  devoted 
to  the  disposition  of  motor-vehicle  revenues. 

California. — The  gasoline-tax  revenues  are  deposited 
in  the  motor-vehicle  fund,  together  with  the  license  fees. 
The  disposition  of  this  fund  is  set  forth  in  the  section  of 
this  article  devoted  to  the  disposition  of  motor-vehicle 
revenues. 

Colorado. — Fifty  per  cent  of  the  receipts  from  the 
gasoline  tax  is  deposited  to  the  credit  of  the  State  high- 
way fund  to  be  used  for  the  construction,  maintenance, 
and  improvement  of  the  State  highways.  The  remain- 
ing 50  per  cent  is  apportioned  among  the  several  coun- 
ties according  to  the  mileage  of  State  routes  and  State 
highways. 

Connecticut. — The  gasoline-tax  revenues  are  expended 
in  the  same  manner  as  the  license  fees  by  the  State  high- 
way commissioner  for  the  construction,  maintenance, 
or  reconstruction  of  State  highways. 

Delaware. — The  State  uses  the  gasoline-tax  revenues 
in  the  same  manner  as  the  motor-vehicle  license  fees. 


Florida. — Three-fourths  of  the  gasoline-tax  receipts 
are  placed  in  the  State  road  fund  for  the  construction 
and  maintenance  of  State  and  Federal-aid  roads;  the 
remaining  fourth  is  divided  equally  among  the  counties 
to  be  used  for  construction  and  maintenance  purposes. 

Georgia. — Of  the  3j^-cent  tax  collected  for  each 
gallon  of  gasoline  sold,  the  law  provides  that  1  }/£  cents 
shall  be  allocated  to  the  State  highway  department 
to  be  used  for  matching  Federal  aid;  1  cent  is  turned 
back  to  the  county  treasurers  on  the  basis  of  the 
county  mileage  of  the  State-aid  road  system  to  be 
used  for  construction  and  maintenance;  and  1  cent  is 
set  aside  to  meet  the  deficiency  in  the  State  treasury 
arising  out  of  the  deficiency  of  the  rental  of  the  Western 
Atlantic  Railroad. 

Idaho. — The  balance  after  administrative  expenses 
have  been  paid  is  placed  in  the  State  highway  fund. 
The  distribution  of  this  fund  is  set  forth  in  the  section 
of  this  article  devoted  to  the  distribution  and  division 
of  the  motor-vehicle  license  fees. 

niinois. — No  gasoline  tax  is  in  effect. 

Indiana. — The  law  provides  that  the  gasoline-tax 
revenues  after  the  collection  expenses  have  been 
deducted  shall  be  deposited  in  the  State  highway  fund ; 
two-thirds  of  the  net  receipts  are  used  by  the  State 
highway  commission  for  construction  and  maintenance, 
and  one-third  is  transferred  to  the  general  fund  and 
credited  to  a  special  fund  known  as  county,  cities,  and 
town  gasoline  fund.  Three-fourths  of  this  special  fund 
are  distributed  as  follows:  50  per  cent  is  divided  equally 
among  the  counties  and  50  per  cent  is  divided  among  the 
counties  in  proportion  to  the  mileage  of  free  gravel, 
macadam,  and  county-unit  roads.  The  counties  are 
required  to  use  the  funds  they  receive  for  the  con- 
struction and  maintenance  of  roads.  The  remaining 
fourth  of  this  special  fund  is  distributed  among  the 
cities  and  incorporated  towns  of  the  State  in  proportion 
to  population  and  is  to  be  used  for  the  maintenance 
arid  repair  of  streets,  preference  being  given  to  those 
streets  connecting  State  highways. 

Iowa. — The  collection  expenses  are  paid  out  of  the 
gross  receipts.  The  balance  is  divided  as  follows:  One- 
third  is  credited  to  the  primary  road  fund,  the  distri- 
bution of  which  is  described  in  the  license  fee  section; 
two-thirds  is  apportioned  among  the  counties  on  the 
basis  of  area.  One-half  of  this  fund  apportioned 
among  the  counties  is  placed  in  a  county  road  fund  and 
one-half  is  placed  by  each  county  in  a  township  road 
fund  on  the  basis  of  township  road  mileage. 

Kansas. — The  gasoline-tax  receipts  are  placed  in  the 
State  highway  fund.  The  manner  in  which  this  fund 
is  apportioned  and  used  is  set  forth  in  the  motor-vehicle 
license  fee  section  of  this  article.   • 

Kentucky. — Gasoline-tax  revenues  are  used  only  for 
the  purpose  of  construction,  reconstruction,  mainte- 
nance, and  repair  of  roads  and  highways  and  for  interest 
and  sinking-fund  payments  of  State  bonds  issued  for 
highway  purposes. 

Louisiana. — The  gasoline-tax  revenues  are  credited 
to  the  general  highway  fund  and  are  allotted  for  the 
exclusive  purpose  of  the  upkeep,  repair,  and  mainte- 
nance of  the  State  highways  and  bridges. 

Maine. — The  gasoline-tax  receipts  are  placed  in  the 
State  highway  fund  and  are  used  in  the  following  man- 
ner: 16%  per  cent  for  the  maintenance  of  State  high- 
ways and  bridges  and  State-aid  highways;  16 %  per 
cent  for  the  construction  of  third-class  highways;  33 lA 
per  cent  for  the  construction  of  State  highways;  and 
33%  per  cent  for  the  construction  of  State-aid  highways. 
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Maryland. — The  gasoline-tax  receipts  are  used  for 
the  maintenance  and  reconstruction  of  the  roads  of  the 
State  highway  system. 

Massachusetts. — No  gasoline  tax  is  in  effect. 

Michigan. — The  revenues  derived  from  the  gasoline 
tax  are  used  for  the  following  purposes:  (a)  To  meet 
deficiencies  in  appropriations  owed  to  several  counties 
on  State-award  highways;  (b)  for  the  payment  of  inter- 
est on  State  highway  bonds;  (c)  the  balance  is  used  for 
the  general  construction,  improvement,  and  better- 
ment of  the  public  highways  within  the  State. 

Minnesota. — The  gasoline-tax  revenues  are  credited 
to  the  trunk-highway  fund.  The  manner  in  which  this 
fund  is  expended  is  described  in  the  preceding  section 
relating  to  the  disposition  of  motor-vehicle  license  fees. 

Mississippi. — The  gasoline-tax  revenues  are  placed 
in  the  State  highway  fund.  Fifty  per  cent  of  the  reve- 
nues is  used  for  the  maintenance  of  the  highway 
department  and  for  the  construction  and  maintenance 
of  State  highways  and  bridges.  The  remaining  50  per 
cent  is  returned  to  the  counties  in  proportion  to  the 
number  of  motor  vehicles  registered  and  is  used  for  the 
construction  and  maintenance  of  county  roads,  bridges, 
and  culverts. 

Missouri. — All  the  money  derived  from  the  gasoline 
tax  is  expended  by  the  State  highway  commission  for 
the  construction  and  maintenance  of  State  highways. 

Montana. — The  gasoline-tax  receipts  are  appor- 
tioned in  the  following  manner:  (a)  15  per  cent  is 
credited  to  the  State  highway  fund;  (b)  55  per  cent  is 
divided  equally  among  the  counties;  and  (c)  30  per 
cent  is  turned  into  the  general  fund  of  the  State. 

Nebraska. — The  revenues  derived  from  the  gasoline 
tax  are  placed  in  the  gasoline  highway  fund,  which  is 
used  for  the  construction  and  maintenance  of  State  and 
Federal  aid  highways. 

Nevada. — All  the  gasoline-tax  receipts  are  deposited 
in  a  gasoline-license  tax  fund.  Fifty  per  cent  of  this 
fund  is  transferred  to  the  State  highway  fund  to  be 
used  for  construction  and  maintenance  purposes;  50 
per  cent  is  transferred  to  the  State  highway  fund  of  the 
various  counties  in  proportion  to  the  number  of  regis- 
tered motor  vehicles. 

New  Hampshire. — The  gasoline-tax  revenues  are  used 
in  the  same  manner  and  for  the  same  purposes  as  the 
mo  tor- vehicle  license  fees. 

New  Jersey. — No  gasoline  tax  is  in  effect. 

New  Mexico. — The  gasoline-tax  revenues  are  placed 
in  the  State  road  fund  and  are  used  for  the  maintenance 
of  State  highways. 

New  York. — No  gasoline  tax  is  in  effect. 

North  Carolina. — The  gasoline-tax  revenues  are 
credited  to  the  State  highway  fund  and  are  disposed  of 
by  the  State  highway  commission  in  the  following 
manner:  (a)  $250,000  is  set  aside  to  meet  the  expenses 
of  the  State  highway  commission;  (b)  a  sum  is  appro- 
priated sufficient  to  meet  the  annual  interest  charges 
on  the  $65,000,000  bond  issue  for  highway  purposes; 
(c)  a  sum  is  appropriated  sufficient  to  create  $500,000 
sinking  fund  annual  payments  upon  the  $65,000,000 
bond  issues;  and  (d)  the  balance  is  used  by  the  State 
highway  commission  for  the  construction  and  mainte- 
nance of  roads. 

North  Dakota. — All  the  revenues  derived  from  the 
gasoline  tax  with  the  exception  of  $200,000  are  deposited 
in  the  State  highway  fund  for  the  construction,  recon- 
struction, and  maintenance  of  the  Federal-aid  and 
State-aid  highways. 


Ohio. — The  law  provides  that  the  gasoline-tax  re- 
ceipts shall  be  distributed  and  disposed  of  by  the 
State  treasurer  in  the  following  manner:  (a)  The  first 
$50,000  collected  is  placed  by  the  State  treasurer  in  a 
gasoline  rotary  tax  fund  to  which  sums  are  regular!  v 
added  to  keep  this  fund  floating  at  $50,000;  (b)  30 
per  cent  of  the  balance  is  paid  out  to  State  municipal 
corporations,  in  proportion  to  the  number  of  motor 
vehicles  within  such  municipalities  during  preceding 
calendar  year,  for  street  maintenance  purposes;  (c)  25 
per  cent  is  divided  equally  among  the  counties  for 
maintaining  and  repairing  county  road  systems;  and 
(d)  45  per  cent  is  apportioned  to  and  expended  by 
the  State  highway  department  for  the  purpose  of 
maintaining,  repairing,  and  keeping  in  passable  con- 
dition the  roads  and  highways  of  the  State. 

Oklahoma. — One-third  of  the  gasoline-tax  revenues 
is  credited  to  the  highway  fund  of  each  county  and  is 
apportioned  to  each  county  in  that  percentage  which 
the  population  and  area  of  the  county  bear  to  the 
population  and  area  of  the  State,  to  be  used  for  the 
construction  and  maintenance  of  county  or  township 
roads;  two-thirds  of  the  receipts  are  deposited  to  the 
credit  of  the  State  highway  construction  and  main- 
tenance fund. 

Oregon. — The  gasoline-tax  revenues  are  all  placed  in 
the  State  highway  fund  to  be  used  for  construction 
and  maintenance  purposes  on  the  State  highway 
system. 

Pennsylvania. — The  money  derived  from  the  gaso- 
line tax  is  distributed  in  the  following  manner:  One- 
fourth  is  credited  to  the  counties  in  proportion  to  the 
amount  of  taxes  collected  and  is  used  for  the  construc- 
tion and  maintenance  of  highways  and  for  the  payment 
of  interest  on  county  road  bonds;  three-fourths  are  de- 
posited in  the  State  motor-license  fund  and  used  to 
meet  interest  and  sinking-fund  payments  on  State  high- 
way bonds;  and  the  balance  is  used  for  construction 
and  maintenance  purposes. 

Rhode  Island. — The  gasoline  tax  revenues  are  placed 
in  the  State  highway  fund  and  are  used  for  the  con- 
struction and  maintenance  of  secondary  roads. 

South  Carolina. — Three-fifths  of  the  gasoline-tax  rev- 
enues are  credited  to  the  State  highway  department, 
and  two-fifths  are  distributed  among  the  counties  on 
the  basis  of  the  amount  of  license  fees  collected,  for  the 
construction  and  maintenance  of  roads  not  in  the  State 
highway  system. 

South  Dakota. — The  receipts  derived  from  the  gaso- 
line tax  are  placed  in  the  State  highway  fund  and  are 
expended  by  the  State  highway  commission  for  the 
construction,  reconstruction,  and  maintenance  of  high- 
ways and  roads  under  the  commission's  jurisdiction. 

Tennessee. — The  gasoline-tax  revenues  are  all  used 
for  the  construction  and  maintenance  of  highways  of 
the  State. 

Texas.— The  receipts  derived  from  the  gasoline  tax 
are  apportioned  as  follows:  (a)  One-fourth  to  the  free 
school  fund;  (b)  three-fourths  to  the  State  highway 
fund  for  construction  and  maintenance  purposes. 

Utah. — The  gasoline-tax  receipts  are  placed  to  the 
credit  of  a  fund  for  the  payment  of  interest  and  sink- 
ing-fund charges  on  State  road  bonds. 

Vermont. — The  gasoline-tax  revenues  are  available 
the  same  as  the  motor-vehicle  license  fees  for  road 
maintenance  by  the  State  highway  department, 

Virginia. — The  receipts  derived  from  the  gasoline 
tax  are  disposed  of  in  the  following  manner:  (a)  2 
cents  of  the  rate  is  appropriated  for  the  construction  oi 
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roads  and  projects  on  the  State  highway  system;  (b)  1 
cent  is  devoted  to  the  construction  of  roads  and  bridges 
on  county  highway  systems  distributed  among  the 
counties  on  the  basis  of  the  total  State  taxes  paid  by 
counties  into  the  State  treasury;  (c)  the  extra  lx/i 
cents,  added  to  the  former  rate  in  1926,  is  turned  over 
to  the  counties  if  they  match  the  amount  by  an  appro- 
priation of  their  own. 

Washington. — All  the  gasoline-tax  receipts  are  placed 
in  the  motor-vehicle  fund,  the  disposal  of  which  is  set 
forth  in  the  preceding  section  devoted  to  the  disposition 
of  mo  tor- vehicle  license  fees. 

West  Virginia. — The  revenues  derived  from  the  gaso- 
line tax  are  disposed  of  in  the  same  manner  as  the  reve- 
nues derived  from  motor-vehicle  license  fees. 

Wisconsin. — The  gasoline-tax  revenues,  together 
with  the  motor-vehicle  license  fees,  are  all  placed  in  a 
fund  from  which  the  annual  appropriations  for  State 
highway  purposes  are  made.  These  have  been  set 
forth  in  detail  in  the  preceding  section. 

Wyoming. — The  receipts  derived  from  the  gasoline 
tax  are  apportioned  among  the  counties  in  proportion 
to  the  number  of  miles  of  State  highway  in  each  and 
used  for  maintenance  purposes. 

GAS  TAX  DISTRIBUTION  LIKE  LICENSE  FEE  USE  IN  14  STATES 

In  14  of  the  44  States  which  have  in  effect  a  gasoline 
tax  there  is  no  distinction  made  between  the  revenues 
derived  from  this  kind  of  tax  and  the  revenues  produced 
by  the  license  fees,  so  far  as  the  distribution  and  use 
of  these  funds  are  concerned.  They  are:  Arkansas, 
California,  Connecticut,  Delaware,  Idaho,  Kansas, 
Kentucky,  Louisiana,  Minnesota,  Rhode  Island,  Ver- 
mont, Washington,  West  Virginia,  and  Wisconsin. 
The  remaining  30  States  provide  for  a  disposition  of 
the  gasoline  tax  receipts  different  from  that  of  the 
motor-vehicle  license  fees. 

According  to  the  reported  figures  a  somewhat  larger 
proportion  of  the  gasoline-tax  revenues  is  used  for  the 
construction  and  maintenance  of  local  roads  than  is 
found  in  the  case  of  motor-vehicle  license  fee  receipts. 
In  1925,  22  per  cent  of  net  gasoline-tax  revenues  was 
devoted  to  local  highway  purposes;  the  proportion  of 
the  motor-vehicle  license  fees  for  that  purpose  amounted 
to  only  19.5  per  cent.  The  sum  of  money  taken  out 
of  license  fees  for  local  highway  purposes,  however, 
was  greater;  $48,396,471  derived  from  motor  vehicle 
license  fees  was  used  for  local  highway  purposes  and 
$31,848,464  derived  from  gasoline  taxes. 

In  only  eight  States  is  there  any  direct  provision  in 
the  law  which  calls  for  an  apportionment  of  any  of  these 
motor-vehicle  revenues  or  gasoline  taxes  among  cities 
or  municipalities.  These  States  are  Alabama,  Indiana, 
Maryland,  Ohio,  North  Carolina,  Oklahoma,  Washing- 
ton, and  Wisconsin.  The  laws  in  these  States  provide 
that  certain  portions  of  the  funds  which  the  State  re- 
ceives shall  be  allocated  to  municipalities  and  shall  be 
used  by  them  for  street  improvements.  These  provi- 
sions have  already  been  covered  in  the  digest  of  the 
laws  of  the  various  States  pertaining  to  the  distribu- 
tion of  the  license  fees  and  gasoline  taxes.  It  is  be- 
lieved, however,  that  special  attention  should  be  called 
to  this  particular  phase  of  the  disposition  of  motor- 
vehicle  revenues  at  this  point  because  of  the  rather 
wide  interest  given  to  this  phase  of  the  subject  at  this 
time. 

In  Alabama  20  per  cent  of  the  balance  from  motor- 
vehicle  license  fees  (after  deducting  collection  expenses) 


is  turned  back  to   the  incorporated  city  or  town  in 
which  the  owner  of  the  registered  vehicle  resides. 

The  gasoline-tax  law  of  Indiana  provides  that  a  cer- 
tain portion  of  the  net  revenues  derived  from  the  gaso- 
line tax  shall  be  distributed  among  the  cities  and  incor- 
porated towns  of  the  State.  The  details  relating  to 
the  apportionment  of  the  gasoline-tax  receipts  are  set 
forth  in  that  part  of  the  gasoline-tax  section  devoted  to 
Indiana.  The  net  result  is  that  8j/£  per  cent  of  the  net 
gasoline-tax  collection  is  distributed  among  the  cities 
and  incorporated  towns  of  the  State  for  the  mainte- 
nance and  repair  of  their  streets.  In  using  this  money 
preference  is  to  be  given  to  those  streets  connecting 
State  highways.  In  1925  the  cities  and  incorporated 
towns  of  the  State  were  entitled  to  receive  according  to 
these  provisions  $636,684. 

The  Maryland  law  makes  direct  provision,  that  20  per 
cent  of  all  the  license  fees  collected  in  the  State  shall  be 
paid  over  to  the  city  of  Baltimore  for  use  on  its  streets. 
The  number  of  motor  vehicles  registered  in  the  city  of 
Baltimore  in  1925  was  44  per  cent  of  the  total  number 
of  vehicles  registered  in  the  whole  State  of  Maryland. 
It  would  appear  therefore  that  the  city  of  Baltimore 
had  returned  to  it  approximately  half  of  the  registra- 
tion fees  collected  within  its  limits.  This  conclusion 
is  obviously  based  on  the  assumption  that  the  average 
license  fee  per  vehicle  collected  in  Baltimore  does  not 
differ  materially  from  the  average  license  fee  collected 
throughout  the  State.  No  part  of  the  gasoline-tax 
revenues  is  apportioned  to  Baltimore  nor  do  any  of  the 
other  cities  and  municipalities  in  the  State  share  in 
either  the  license-fee  or  gasoline-tax  receipts. 

The  Wisconsin  law  provides  that  a  portion  of  both 
the  license-fee  receipts  and  the  gasoline-tax  revenues 
shall  be  paid  over  to  towns,  villages,  and  cities  for  the 
improvement  of  roads  and  streets  not  part  of  the  State 
and  county  trunk  highway  systems.  The  payments 
are  based  upon  the  amount  of  mileage  in  the  municipali- 
ties and  the  amount  paid  per  mile' varies  according  to 
the  size  and  population  of  the  municipality.  The 
details  are  fully  set  forth  in  the  motor-vehicle  license 
fee  sectron.  For  the  fiscal  year  ended  June  30,  1926, 
according  to  the  report  of  the  Wisconsin  Highway 
Commission,  the  net  amount  of  license  fees  and  gasoline 
taxes  collected  by  the  State  was  $13,279,529.  Of  this 
amount  $1,865,218,  or  14  per  cent,  was  turned  over  to 
towns,  villages,  and  cities.  The  mileage  upon  which 
these  payments  were  based  amounted  to  62,743  miles. 
The  towns  received  $1,422,854,  or  76  per  cent,  of  the 
total  amount  of  money  distributed  in  this  manner,  and 
they  contained  90  per  cent  of  the  total  mileage.  Vil- 
lages received  $37,540,  or  2  per  cent,  of  the  amount 
distributed.  There  were  161  cities  in  the  State,  of 
various  sizes,  which  received  $404,824,  or  21.6  per 
cent,  of  this  amount,  based  upon  4,330  miles  of  streets, 
which  was  but  6.9  per  cent  of  the  total  mileage  upon 
which  these  payments  .to  localities  were  based.  For 
the  161  cities  which  participated  in  these  revenues,  the 
average  received  per  city  was  $2,514.  For  Milwaukee, 
the  largest  city  in  the  State,  it  amounted  to  $109,700, 
based  on  548.5  miles  of  streets  not  included  in  the  State 
highway  system.  Eight  of  the  cities  received  over 
$10,000  each.  Forty-seven  cities  received  between 
$1,000  and  $10,000,  and  86  received  less  than  $1,000 
each.  The  sum  of  this  amount  of  $404,824,  which 
wac  distributed  among  the  cities  and  the  $37,540  given 
to  villages  for  municipal  street  improvements,  or  a  total 
of  $442,365,  constituted  but  3.4  per  cent  of  net  revenues 
derived  from  motor-vehicle  fees  and  the  gasoline  tax. 
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North  Carolina  allows  any  city  or  town  to  charge  a 
license  fee  not  exceeding  $50  for  any  motor  vehicle 
used  in  transporting  persons  or  property  for  hire  in  lieu 
of  all  other  charges,  fees,  and  licenses. 

Oklahoma  laws  provide  that  from  the  60  per  cent  of 
funds  raised  by  the  motor- vehicle  tax  and  returned  to 
counties  from  which  collected,  the  board  of  county 
commissioners  are  required  to  pay  to  the  incorporated 
towns  and  cities  of  their  counties  15  per  cent  of  all 
money  collected  in  such  towns  and  cities  to  be  credited 
to  the  street  and  alley  fund. 

The  laws  of  Washington  transfer  out  of  the  motor- 
vehicle  fund  the  sum  of  $1,400,000  annually  to  the  credit 
of  the  primary  highway  maintenance  fund  from  which 
latter  fund  is  transferred  annually  to  each  first  and 
second  class  city  a  sum  equal  to  $500  per  mile  for  each 
mile  of  primary  highway  in  such  city,  and  similarly 
to  each  third  and  fourth  class  city  $300  per  mile. 

Ohio  cities  receive  a  part  of  the  license  fees  and  also 
of  the  gasoline  tax  receipts.  Fifty  per  cent  of  the 
license  fees  is  turned  back  to  the  municipalities  in 
which  the  tax  was  collected.  Thirty  per  cent  of  the 
gasoline  tax  receipts  is  also  returned  to  the  munic- 
ipalities. The  gasoline  tax  apportionment  is  made  on 
the  basis  of  the  number  of  vehicles  registered.  In 
1925,  although  the  gasoline  tax  was  in  effect  only  after 
April  18,  the  apportionments  of  revenues  from  this 
source  amounted  to  $2,702,985.  That  year  the  total 
license  fee  revenues  were  $13,147,231,  and  one-half 
of  this  amount  was  transferred  to  counties  and  munic- 
ipalities. Just  what  portion  of  this  transfer  of  funds 
went  to  municipalities  is  not  disclosed  by  the  reported 
figures.  The  funds  derived  from  the  license  fees  and 
the  gasoline  tax  are  to  be  used  by  cities  for  street 
maintenance  purposes  only. 

In  New  York  the  law  provides  that  25  per  cent  of  the 
license  fees  collected  in  each  county  shall  be  retained 
by  the  county  for  road  maintenance  purposes  to  be 
expended  under  the  direction  of  the  State  commissioner 
of  highways.  Inasmuch  as  the  city  of  New  York 
comprises  several  counties  its  share  of  the  license-fee 
revenues  is  credited  to  the  city's  general  fund,  the  law 
being  silent  as  to  how  the  city  is  to  use  these  funds. 

The  analysis  of  the  statutory  provisions  relating  to 
the  disposition  of  the  motor-vehicle  fees  and  gasoline 
taxes  by  the  States  shows  that  where  the  States  are 
directed  to  transfer  a  portion  of  these  funds  to  counties 
or  municipalities  a  number  of  different  bases  are  used 
in  making  the  apportionments.  In  22  States  there  is 
such  a  transfer  of  funds.  In  16  States  the  amount  of 
fees  collected  from  local  government  units,  such  as 
county  or  city,  is  named  as  the  basis  of  apportionment; 
in  two  States  it  is  the  number  of  registered  motor 
vehicles.  One  State  uses  population  as  a  basis;  one 
State  uses  area,  one  State  uses  road  or  street  mileage; 
and  one  State  makes  an  equal  distribution  among  the 
counties. 

There  are  21  States  which  distribute  a  portion  of  the 
gasoline  tax  receipts.  Five  States  distribute  these 
receipts  in  proportion  to  the  amounts  collected;  4  dis- 
tribute them  according  to  mileage;  3  use  the  number 
of  motor  vehicles  registered  as  a  basis;  and  3  divide  the 
portion  to  be  distributed  equally  among  the  counties. 
One  State  uses  population  as  a  basis  of  distribution; 
one  uses  the  amount  of  State  taxes  paid  as  a  basis 
Area  and  mileage,  population  and  area,  mileage  and 
equal  distribution  among  counties,  registration  and 
equal  distribution  among  counties  furnish  the  bases  m 
four  other  States,  respectively. 


The  total  disbursements  in  1925  for  rural  highway 
purposes  are  reported  to  have  been  $1,288,939,707. 
This  amount  includes  the  outlays  for  highway  improve- 
ments made  by  the  State  highway  commissions  and 
by  the  local  authorities.  In  arriving  at  this  total  there 
are  included  as  expenditures  the  transfers  of  funds  from 
State  commissions  to  local  authorities  and  also  the 
transfer  from  local  to  State  authorities.  After  making 
a  deduction  of  these  transfers  of  funds  the  net  total 
disbursements  are  found  to  be  $1,241,049,094.  The 
total  collections  from  motor  vehicles,  including  license 
fees  and  gasoline  taxes,  amounted  to  $406,648,561,  an 
amount  equivalent  to  32.8  per  cent  of  the  net  disburse- 
ments. Not  all  of  these  motor-vehicle  revenues  which 
the  States  collected  were  used  or  were  available  for 
highway  purposes. 

The  net  disbursements  made  by  the  State  highway 
commissions  were  $623,549,605  'in  1925.  To  meet 
these  expenditures  the  States  received  $199,845,163,  or 
32  per  cent  of  the  disbursements,  from  motor-vehicle 
license  fees;  and  $89,328,340,  or  14  per  cent,  from 
gasoline  taxes.  It  may,  therefore,  be  said  that 
$289,173,503,  or  46  per  cent,  of  the  net  highway  dis- 
bursements made  on  behalf  of  State  highway  com- 
missions was  derived  from  motor-vehicle  revenues. 

The  net  disbursements  for  local  highways  were 
$617,499,489.  To  meet  these  expenditures  the  local 
highway  authorities  received  $71,379,424,  or  11.5  per 
cent,  of  the  total  disbursements  as  their  share  of  the 
motor-vehicle  revenues.  The  sum  of  $46,545,445,  or 
7.5  per  cent,  of  the  disbursements  was  derived  from 
motor-vehicle  license  fees,  and  $24,833,979,  or  4  per 
cent,  came  from  gasoline  taxes. 

These  funds  for  highway  purposes  derived  from 
motor-vehicle  license  fees  and  gasoline  taxes  and  their 
relation  to  the  total  net  disbursements,  State  and  local, 
for  highway  improvements  may  be  summarized  as 
follows : 

Total  net  highway  disbursements,  State $623,  549,  605 

Total  net  highway  disbursements,  local 617,  499,  489 


Total 1,  241,  049,  094 


Sources  of  highway  funds,  State: 

License  fees $199,  845,  163 

Gasoline  tax 89,  328,  340 


Total 

Ratio  of  these  sources  to  State  highway  dis- 
bursements, 46  per  cent. 

Sources  of  highway  funds,  local: 

License  fees $46,  545,  445 

Gasoline  tax 24,  833,  979 


289   L73,  503 


Total 71,  379,  121 

Ratio  of  these  sources  to  local   highway   dis- 
bursements, 11.5  per  cent. 

Total  funds  derived  from  motor-vehicle 
license  fees  and  gasoline  tax,  State  and 

local 360,  552,  927 

Ratio  to  total  highway  disbursements,  State  and 
local,  29  per  cent. 

The  disbursements  covered  the  items  of  construction 
on  roads  and  bridges,  maintenance,  administration 
and  engineering,  retirement  and  pay  men  Is  on  bonds, 
interest  payments,  equipment,  machinery  and  repairs, 
etc.  The  funds  to  meet  these  expenditures  in  addition 
to  those  derived  from  motor-vehicle  revenues  were 
obtained  from  bond  issues,  taxation,  and  Federal  aid. 
The  Federal-aid  funds  may  also  be  regarded  as  having 
been  derived  from  the  excise  taxes  on  automobiles 
collected  by  the  Federal  Government  inasmuch  as  the 

(Continued  on  p.  229) 


EARTH  PRESSURES  ON   CULVERT  PIPES' 

By  G.  M.  BRAUNE    Dean,  School  of  Engineering,  University  of  North  Carolina 


STRUCTURES  that  are  constructed  of  elastic  ma- 
terials having  practically  uniform  physical  prop- 
erties, and  which  are  subjected  to  applied  loads  of 
known  magnitude,  direction,  and  position  may  be 
safely  designed  in  accordance  with  an  exact  mathe- 
matical theory.  This  is  not  true,  however,  of  struc- 
tures which  are  subjected  to  applied  loads  caused  by 
the  weight  of  granular  materials,  because  the  loads 
become  variable  depending  upon  the  movement  of  the 
granular  materials  and,  in  consequence  thereof,  the 
attendant  variable  frictional  and  cohesive  forces.  In 
other  words,  the  deflection  or  deformation  of  the  sup- 
porting structure  is,  in  this  case,  an  important  function 
governing  the  magnitude  and  direction  of  the  applied 
loads.  Therefore,  in  order  to  determine  the  effect  of 
loads  on  structures  due  to  the  action  of  granular  mate- 
rials, such,  for  instance,  as  earth  embankments  on 
culvert  pipe,  it  becomes  necessary  to  perform  large- 
size  experiments  that  will  conform  as  far  as  possible  to 
actual  practical  conditions. 

Certain  experiments  on  a  large  scale  extending  over 
a  period  of  several  years  with  the  object  in  view  of  solv- 
ing this  problem  have  been  conducted  by  Dean  Anson 
Mars  ton,  of  the  Iowa  State  College  at  Ames,  Iowa. 

The  apparatus  at  Ames  was  apparently  designed  on 
the  assumption  of  obtaining  earth  pressures  on  a  rigid 
body  practically  free  from  deflection  or  deformation. 
The  earth  pressure  of  embankments,  varying  from  16 
to  20  feet  in  height,  acting  on  wooden  cylindrical  bodies 
40  inches  in  diameter  and  supported  from  the  top  of 
the  inside,  were  transferred  by  a  system  of  levers  to  a 
number  of  platform  scales  where  the  readings  were 
observed  and  recorded. 

In  the  second  progress  report  presented  April  7, 1922, 
at  Chicago  to  the  joint  concrete  culvert  pipe  commit- 
tee, Dean  Marston  stated  that  his  experiments  showed 
that  the  maximum  pressures  obtained  on  the  cylin- 
drical body  as  determined  from  actual  scale  readings 
for  a  projection  condition  was  about  1.9  times  the  weight 
of  the  material  directly  over  the  cylinder. 

Other  experiments  to  determine  pressures  on  culvert 
pipe  have  been  made  near  Farina,  111.,  under  the  aus- 
pices of  a  subcommittee  of  the  American  Railway 
Engineering  Association,  and  directed  by  J.  R.  Wilks, 
former  chief  engineer  of  the  Armco  Culvert  and  Flume 
Manufacturers'  Association. 

The  embankment  from  which  these  pressures  were 
obtained  was  35  feet  high  and  located  on  a  new  line 
of  the  Illinois  Central  Railway.  Different  kinds  of 
pipes  were  used,  consisting  of  corrugated  metal, 
heavy  cast  iron,  and  reinforced  concrete,  with  sizes 
ranging  from  24  inches  to  42  inches  in  diameter.  The 
apparatus  used  to  obtain  the  pressures  consisted  of  a 
series  of  soil  pressure  cells,  commonly  known  as  Gold- 
beck  cells,  which  were  attached  to  the  inside  surface 
of  the  pipe.  The  results  of  these  experiments  as  found 
in  the  report  of  the  subcommittee  of  the  American 
Railway  Engineering  Association  are  as  follows: 

1  This  paper  by  Dean  Braune  and  the  accompanying  discussion  by  Dean  Marston 
were  presented  at  the  annual  meeting  of  the  American  Association  of  State  Highway 
Officials,  at  Pinehurst,  N.  C,  Nov.  12,  1926.  The  investigations  reported  in  Dean 
Braune's  paper  were  made  inicooperation  with  the  North  Carolina  State  Highway 
Commission  and  the  U.  S.  Bureau  of  Public  Roads.  The  work  was  directly  super- 
vised by  Prof.  H.  F.  Janda,  of  the  engineering  school  of  the  University  of  North 
Carolina.  The  author  desires  to  acknowledge  his  indebtedness  to  Dr.  William  Cain 
for  valuable  advice  and  assistance,  and  to  the  manufacturers  by  whom  the  pipe  used 
in  the  experiments  were  furnished. 
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The  intensity  of  vertical  pressure  measured  by  the  top  cells 
of  the  corrugated  or  so-called  flexible  culvert  is  about  54  per 
cent  of  the  weight  of  the  unit  column  of  material  above  the  cell, 
whereas  for  the  so-called  rigid  type  of  culvert  the  cell  reading 
showed  1.58  times  the  weight  of  the  material  above  the  cell. 
Or,  in  other  words,  the  intensity  of  vertical  pressure  measured 
by  the  top  cells  on  the  flexible  type  is  about  one-third  of  the 
measured  vertical  pressure  on  the  rigid  type  of  culvert. 

In  1922,  Frank  Page,  chairman  of  the  North  Caro- 
lina Highway  Commission,  and  Charles  M.  Upham, 
chief  engineer,  made  the  suggestion  to  the  staff  of  the 
engineering  school  of  the  University  of  North  Caro- 
lina that  a  series  of  experiments  be  undertaken  at 
Chapel  Hill  to  determine  earth  pressures  on  culvert 
pipe,  using  conditions  that  would  conform  to  the 
practice  as  closely  as  possible.  Accordingly,  a  site 
was  chosen  for  the  experiments  on  a  private  roadway 
near  the  Pittsboro  Road,  about  1  mile  south  of  Chapel 
Hill,  N.  C.  The  conditions  surrounding  the  site  are 
admirable  for  the  performance  of  the  experiments  as 
it  is  accessible  to  the  main  highway  with  sufficient 
working  material  close  at  hand.  The  profile  of  the 
original  ground  permitted  a  good  location  for  the 
culvert  pipe  apparatus  and  the  formation  of  embank- 
ment up  to  20  feet  in  height,  or  greater  if  desired. 
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Test  Pipe  in  Place 


DESIGN  OF  APPARATUS 


The  main  objects  to  be  observed  in  the  design 
(fig.  1)  were  to  eliminate,  as  far  as  possible,  the  move- 
ment of  the  supporting  element  under  the  culvert 
pipe  and  provide  an  ample  place  for  the  weighing 
apparatus  and  convenient  space  for  the  observer. 

The  housing  for  the  weighing  apparatus  consists  of  a 
reinforced  concrete  box  culvert  58.5  feet  long,  7  feet  wide, 
and  having  a  clear  height  of  7  feet.  The  ground  for  the 
foundation  of  the  culvert  box  was  excavated  sufficiently 
at  the  lowest  point  of  the  roadway  so  as  to  obtain  the 
desired  elevation  of  the  test  pipes. 

The  weighing  apparatus  which  was  placed  inside  of 
the  culvert  box  consists  of  four  platform  scales,  each 
having  a  capacity  of  30,000  pounds,  designed  and  con- 
structed especially  for  these  experiments  by  Riehle 
Bros.,  of  Philadelphia.  They  have  been  calibrated  a 
number  of  times  and  are  considered  to  give  quite  ac- 
curate results.  Steel  columns  extending  up  to  the  roof 
of  the  culvert  box  are  supported  on  the  scale  platform 
and  on  top  of  these  columns  the  test  pipes  are  placed. 
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The  columns  are  only  5  feet  long  but  in  order  to 
eliminate  any  appreciable  deformation  they  were  pro- 
vided with  an  excessive  cross-sectional  area  so  as  to 
keep  the  unit  stress  below  1,000  pounds  per  square 
inch.  The  concrete  roof  of  the  culvert  box  is  supplied 
with  a  slot  large  enough  to  permit  the  insertion  of  the 
test  pipes.  In  the  first  series  of  experiments  the  four 
test  pipes,  consisting  of  cast  iron,  were  30  inches  in 
diameter  and  2}/£  feet  long,  with  a  barrel  thickness  of 
1  inch.  These  pipes  were  submerged  in  the  roof  of 
the  culvert  so  that  one-half  of  the  pipe  extended  above 
the  top  surface  of  the  roof.  This  condition  would  be 
termed  a  "50  per  cent  projection." 
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Fig.  1. — Sketch  of  Apparatus  for  Earth  Pressure  Experi- 
ments at  Chapel  Hill,  N.  C. 

In  the  second  series  of  experiments  which  are  now 
under  way,  the  bottom  of  the  pipe  is  placed  flush  with 
the  top  surface  of  the  culvert  roof,  constituting  what 
is  termed  a  "100  per  cent  projection." 

The  filling  material  consisted  of  sand  of  a  fairly  uni- 
form character,  obtained  from  a  small  creek  about  a 
half  mile  from  the  site.  Besides  the  sand,  a  fill  mate- 
rial of  clay  was  used  in  one  set  of  experiments. 

The  embankment  was  given  a  minimum  width  of  24 
feet  at  the  top  when  the  fill  had  reached  its  maximum 
height  of  20  feet  with  side  slopes  of  Vyi  to  1. 

Concerning  the  action  of  earth  pressures  on  elastic 
culvert  pipes  the  following  is  quoted  from  a  paper  en- 
titled :  "  Design  of  Culvert  Pipes,"  by  Dr.  William  Cain: 

The  simple  laws  of  mechanics  and  certain  experiments  indi- 
cate that  the  vertical  earth  pressure.  E,  on  pipe  culverts  varies 
according  to  the  relative  deflections  of  the  top  of  the  pipe  and 
the  adjacent  soil.  In  diagram  No.  1  (fig.  2)  the  top  of  the  pipe 
deflects  much  more  than  the  adjacent  soil  and  there  will  be  a 
tendencv  for  the  prism  directlv  over  the  pipe  to  move  downward, 
relative' to  the  earth  alongside  it,  and  through  friction  and 
cohesion  it  transfers  part  of  its  weight  to  the  soil  adjacent  to 
the  pipe.  Therefore,  the  earth  pressure,  E,  is  less  than  W ,  Uit 
weight  of  the  material  directly  over  the  pipe.  In  the  case  illus- 
trated by  diagram  No.  2,  the  deflections  of  the  top  of  the  pipe 
and  the  soil  adjacent  are  assumed  to  be  the  same  and  there  will 
be  equal  settlement  of  both  the  prism  of  earth  and  the  adjacent 
soil,  no  relative  motion  ensuing.  Consequently,  there  will  rje 
no  friction  exerted  along  the  sides  of  the  prism  and  the  eartn 
pressure,  E,  will  then  be  equal  to  W.  The  other  case,  illus- 
trated by  diagram  No.  3,  is  just  the  converse  to  that  of  the 
first  diagram.  The  earth  outside  the  prism  over  the  pipe  is 
moving  downward,  relatively  to  the  prism  itself,  this  being  due 
to  the  rigidity  of  the  pipe.  Thus,  through  the  medium  of  hic- 
tion  and  cohesion,  part  of  the  weight  of  the  outside  material  is 
transferred  to  the  prism  over  the  pipe  and  E  becomes  much 
greater  than,  the  weight  of  the  prism  W. 


We  will  call  the  ratio  of  the  actual  earth  pressure  to 
the  weight  of  the  prism  of  earth  directly  over  the  pipe, 

W 
K — that  is,  K=  ~     Now,  in  accordance  with  the  theory 

as  expressed  above,  K  should  vary,  depending  on  the 

relative  deflections  of  the  pipe  and  the  earth  alongside 

of    the    pipe,   or    in 

other  words  its  value 

would  be  dependent 

on  the  rigidity  of  the 

pipe.     For  flexible 

pipe,    therefore,    K 

should  be   less   than 

unity,  but  greater 

than    unity   for   the 

rigid  type  of  pipe. 

FIRST  TESTS  MADE  WITH 
PIPE  IN  50  PER  CENT 
PROJECTION 

Four  sections  of 
cast-iron  pipe,  each 
having  a  diameter  of 
30  inches,  a  length 
of  2Y2  feet,  and  a 
barrel  thickness  of  1 
inch,  were  placed  on 
the  weighing  ma- 
chines so  as  to  per- 
mit a  50  per  cent 
projection — that  is, 
50  per  cent  of  the 
circumferential  s  u  r- 
face  of  the  test  pipe 
extended  above  the 
concrete  roof  surface 
of  the  box  culvert.  (TheN  concrete  roof  surface  here 
corresponds  to  the  original  ground  surface  alongside 
of  pipe.)  The  embankment  was  made  of  sand  care- 
fully deposited  on  top  of  and  on  each  side  of  the  pipe 
for  a  distance  of  12  feet. 
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Fig  2— Diagrams  Illustrating  the  Action  of  Earth 
Pressures  on  Elastic  Culvert  Pipes,  According  to  Dr. 
William.  Cain 

The  embankment  was  formed  in  1-foot  layers  per- 
mitting the  side  slopes  to  assume  the  natural  repose. 

During  the  construction  of  the  embankment,  scale 
readings  were  taken  at  1-foot  intervals  and  at  the  same 
intervals  samples  were  taken  for  the  determination  ol 
the  physical  properties  of  the  sand  In  order  to 
record  active  earth  pressures  the  deflection  of  the 
surface  upon  which  the  earth  bears  should  be  ...  the 
same  direction  as  the  pressure,  rherefore  the  ten- 
dency of  the  movement  of  the  scale  platform  should  be 
in  a  downward  direction.     This  condition  was  obtained 
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by  running  the  rider  out  so  that  the  scale  beam  was 
always  down  and  the  platform  up.  When  the  read- 
ings were  taken  the  rider  was  run  in  until  the  beam 
just  began  to  float.  Thus  the  mass  of  earth  tended  to 
move  down  and  was  supported  in  part  by  friction  and 
cohesion.  The  vertical  earth  pressure  exerted  upon 
the  pipe  was  read  on  the  scales. 

Except  during  actual  work  on  the  fill,  or  during 
pressure  observations,  a  tarpaulin  was  kept  over  the 
surface  in  order  to  maintain  the  moisture  content  as 
constant  as  possible. 

A  preliminary  test  was  first  made  in  which  the 
embankment  was  carried  up  to  an  elevation  of  7  feet. 
The  passive  pressures  were  obtained  for  this  test  so  as 
to    get    a    comparison    with    the    active    ones.     After 
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This  ratio  remains  practically  constant  for  the  entire 
height  of  the  fill  except  for  the  first  4  feet,  where  the 
earth  pressures  aro  greater  than  the  weight  of  the 
earth  prism. 


Fig.  3. — Results  of  First  Experiment  at  Chapel  Hill, 
N.  C,  Showing  Pressures  on  Culvert  Corresponding 
to  Various  Heights  of  Sand  Fill  During  the  Placing 
and  Removal  of  the  Fill.  The  Test  Was  Made  on 
a  Culvert  with  50  Per  Cent  Projection 

removing  this  fill  a  new  one  was  started  on  June  11, 
1924,  in  which  the  active  pressures  were  obtained  and 
recorded  for  each  1-foot  interval  until  a  height  of  20 
feet  was  reached  on  October  1,  1924.  The  results  of 
this  experiment  are  shown  in  Figure  3,  in  which  is 
recorded  the  scale  pressure  curve  and  also  a  curve 
showing  the  actual  weights  of  the  prism  of  material 
resting  on  top  of  the  pipe. 

If  we  call  W  the  weight  of  the  prism  of  material 
immediately  over  the  test  pipe,  and  E,  the  pressure 
transmitted  as  observed  from  the  scale  readings  we 

obtain  for  this  experiment  a  ratio  K=-^  =  0.84.     In 

other  words,  this  experiment  showed  that  the  earth 
pressure,  E,  on  the  test  pipe  is  84  per  cent  of  the  weight 
of   the   earth   prism  immediately  over   the   test  pipe. 


Fill  at  Chapel  Hill,  N.  C,  at  End  of  Time  and  Weather 

Test 

It  should  be  noted  that  this  ratio,  K,  as  given  above, 
whs  obtained  for  a  50  per  cent  projection  of  the  pipe. 
In  the  second  series  of  experiments  that  are  now  being 
performed  the  pipe  has  been  placed  so  as  to  obtain  a 
100  per  cent  projection — that  is,  the  sides  of  the  pipe 
will  be  fully  surrounded  by  filling  material.  Under 
this  method  of  laying  the  pipe,  a  greater  deflection  of 
the  material  alongside  the  pipe  should  be  obtained,  and 
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Fig.  4. — Results  of  the  Test  at  Chapel  Hill,  N.  C,  Showing 
Pressures  on  a  Culvert,  in  50  Per  Cent  Projection, 
Corresponding  to  Various  Heights  of  Clay  Fill,  During 
the  Placing  and  Removal  of  the  Fill 

consequently  in  accordance  with  the  theory  as  outlined 
above,  K  should  be  greater  than  for  the  50  per  cent 
projection. 

Referring  again  to  the  first  sand  fill,  the  fill  having 
been  built  up  to  a  height  of  20  feet,  was  then  removed 
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by  stages  and  readings  were  taken  at  intervals  during 
its  removal.  It  was  observed  that  for  equal  heights 
the  pressures  during  removal  were  greater  than  during 
the  filling,  and  these  pressures  are  shown  in  comparison 
with  those  recorded  at  the  same  heights  during  fillin«* 
in  Figure  3. 

CLAY   FILL   AND   50   PER   CENT   PROJECTION 

The  next  test  to  be  undertaken  was  that  of  a  50 
per  cent  projection  condition  and  clay  fill.  The  pro- 
cedure in  obtaining  the  scale  pressures  was  the  same  as 
in  the  case  of  the  sand  filling,  except  that  the  clay  was 
rolled  at  each  1-foot  layer  after  the  third  with  a  4-ton 
road  roller.  The  14-foot  clay  fill  was  started  on 
November  20  and  completed  December  22,  1924,  and 
the  results  of  the  test  are  recorded  in  Figure  4  where  it 
is  seen  that  the  pressures  are  about  equal  to  the  weight 
of  the  prism  over  the  pipe— i.  e.,  the  ratio  K=\. 

The  clay  fill  was  then  removed  and  the  next  test 
undertaken  was  that  of  the  trench-condition  clay  fill. 
The  trench  condition  as  suggested  by  Dean  Marston 
designates  that  method  of  laying  in  which  the  pipe  is 
laid  in  a  trench  so  that  the  top  of  the  pipe  is  below  the 
ground  surface  alongside.  It  was  believed  that  under 
this  condition  the  pressures  would  be  lessened,  and  this 
theory  was  borne  out  by  the  test. 

With  the  test  pipes  in  place  a  clay  fill  was  made  up 
to  a  height  of  4.15  feet  above  the  roof  of  the  culvert. 
A  trench  was  then  dug  across  the  entire  width  of  the 
fill  down  to  the  concrete  slab  so  that  the  test  pipe  sec- 
tions were  uncovered.  The  original  width  of  the 
trench  was  43  inches  and  the  depth  48  inches  to  the  top 
of  the  pipe.  After  the  trench  had  been  dug,  it  was  filled 
in  as  loosely  as  possible  with  the  clay  which  had  been  re- 
moved from  it  and  the  forming  of  the  embankment 
was  then  resumed.  From  this  point  the  fill  was  con- 
structed in  the  same  manner  as  the  projection  clay  fill 
and  was  completed  to  a  height  of  11  feet  when  a  layer 
of  sand  6  inches  thick  was  spread  on  the  surface  and  the 
fill  was  allowed  to  remain  in  place  from  February  25, 
1925,  to  May,  1926. 

The  pressures  for  this  trench  condition  were  found 
upon  completion  of  the  embankment  to  be  less  than  for 
the  projection  condition,  the  ratio  (K)  of  the  pressure 
to  weight  of  the  prism  over  the  pipe  decreasing,  as  the 


fill  was  raised,  from  a  value  of  unity  at  the  4-foot  level 
to  approximately  0.6  for  the  10-foot  height  (fig.  5). 

1  he  pressures,  read  at  frequent  intervals  during  the 
year  that  the  embankment  was  in  place,  decreased 
from  March  3,  1925,  to  the  middle  of  August  of  the 
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PRESSURE  ON  CULVERT- POUNDS  PER  LINEAR  FOOT 

Fig.  5. — Results  of  Tests  of  Pipe  Laid  Under  a  Trench 
Condition  in  Clay  Fill  Showing  Pressures  on  Culvert 
Corresponding  to  Various  Heights  of  Fill 

same  year,  when  a  total  of  33  per  cent  decrease  had 
taken  place.  After  that  time  a  slow  increase  occurred 
and  at  the  last  reading,  May  3,  1926,  a  third  of  the 
lost  pressure  had  been  recovered. 

Sudden  variations  in  the  weather  had  but  little  effect 
upon  the  pressure,  but  it  can  be  seen  from  the  curve, 
Figure  6,  that  a  heavy  rainfall  produces  a  slight  tem- 
porary increase. 
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100   PER   CENT   PROJECTION  IN   SECOND   TEST  SERIES 

The  second  series  of  experiments  was  undertaken 
with  the  idea  of  ascertaining  the  influence  of  deflection 
of  the  pipe  on  the  pressures.  It  was  believed  that  the 
pressure  was  an  important  function  of  the  deformation 
or  deflection  of  the  culvert  pipe.  It  was  therefore  de- 
cided that  a  scries  of  experiments  should  be  performed, 
using  test  pipes  of  different  flexibility,  varying  from  a 
practically  rigid  body  to  one  of  large  deflection,  but 
using  the  same  apparatus  that  had  previously  been 
employed. 

It  was  also  proposed  to  use  pipes  30  and  20  inches  in 
diameter  in  order  to  obtain  a  relation  of  pressures 
for  different  sizes.  In  this  series  of  experiments,  how- 
ex  er,  the  bottoms  of  the  pipe  are  placed  flush  with  the 
floor  of  the  culvert,  thus  establishing  a  condition  of 
100. per  cent  projection. 

Five  different  .kinds  of  pipes  of  varying  flexibility 
having  a  diameter  of  30  inches  and  a  length  of  2  feet 
6  inches  have  so  far  been  tested.  These  consist  of  a 
solid  concrete  plug  of  practically  no  deformation, 
cast-iron  pipe  with  a  barrel  thickness  of  1  inch,  smooth 
steel  pipe  five-sixteenths  inch  thick,  corrugated  pipe 
No.  12  gauge,  and  a  smooth  wrought-iron  pipe  of 
No.  12  gauge. 

The  fill  material  so  far  has  consisted  of  the  same 
kind  of  sand  that  was  used  in  the  first  series  of  experi- 
ments, deposited  in  the  same  manner  as  heretofore- 
described. 

Four  pieces  of  each  kind  of  pipe  were  placed  on  the 
weighing  machines  with  the  bottom  of  the  test  pipe 
flush  with  the  top  surface  of  the  culvert  roof. 

Embankments  12  feet  in  height  have  been  built  for 
each  set  of  experiments,  and  scale  readings  have  been 
observed  and  recorded  for  each  1-foot  interval.  In 
addition  to  the  scale  readings  it  was  deemed  desirable 
to  obtain  pressures  from  soil-pressure  cells  and  accord- 
ingly each  of  the  four  test  pipes  for  the  different  sets 
of  experiments  were  supplied  with  seven  pressure  cells. 

When  the  experiment  is  completed  and  the  large 
amount  of  data  obtained  have  been  thoroughly  studied 
and  digested,  an  attempt  will  be  made  to  find  a  corre- 
lation between  the  experimental  data  and  the  practical 
design  for  the  strength  of  culvert  pipe.  However,  the 
tests  so  far  performed  confirm  the  theory  on  culvert 
pipes,  namely,  that  the  pressures  vary  inversely  as 
some  power  of  the  deflection  of  the  pipe,  and  values 
of  the  ratio,  K,  have  been  obtained  ranging  between 
limits  above  and  below  unity. 

DISCUSSION 

By  ANSON  MARSTON,  Director,  Iowa  Engineering  Experiment  Station 

The  Iowa  Engineering  Experiment  Station  has  been 
engaged  in  research  to  determine  the  loads  supported 
by  underground  conduits  (of  which  pipe  culverts  are 
one  class)  for  17  years.  For  several  years  this  work 
has  been  carried  on  in  cooperation  with  the  United 
States  Bureau  of  Public  Roads;  and  the  station  expects 
to  continue  the  work  actively  for  several  years. 

Five  bulletins  and  one  progress  report  have  already 
been   published  at  various  dates  from  1913  to  1926;  l 

1  Buls.  31,  36,  47,  r>7,  and  76  md  Progress  Report  on  Culvert  Pipe  Investi- 

gations, Iowa  Eng.  Exper.  Sta. 


and   other  reports   will   be   published   in   cooperation 
with  the  Federal  bureau  in  the  near  future. 

The  Iowa  culvert  researches  have  resulted  in  a  com- 
plete mathematical  theory  of  vertical  loads  and  active 
horizontal  pressures  on  culverts  of  all  sizes,  shapes,  and 
degrees  of  flexibility,  which  apparently  is  well  borne  out 
by  extensive  experimental  and  field  data  obtained  by  the 
station,  and  which  is  easily  fitted  to  Dean  Braune's 
experiments  and  to  the  tests  conducted  by  the  corru- 
gated pipe  interests  for  the  American  Railway  Engi- 
neering Association,  at  Farina,  111.,  as  published  by  the 
association  early  this  year  and  as  referred  to  by  Dean 
Braune. 

Culvert  pipe  in  common  use  are  of  two  types:  (1) 
Rigid  culvert  pipe,  made  of  burnt  clay,  plain  concrete, 
reinforced  concrete,  or  cast  iron;  and  (2)  flexible  culvert 
pipe,  made  of  corrugated  sheets  of  iron  or  steel. 

Flexible  culvert  pipe. — The  flexible  pipe  are  not  of 
themselves  able  to  carry  much  vertical  load,  but  under 
usual  conditions  of  use  they  distort  sufficiently  to  greatly 
lessen  the  vertical  load  by  shortening  their  vertical 
diameters  and,  by  materially  lengthening  their  hori- 
zontal diameters  during  distortion  under  the  vertical 
load,  they  develop  important  passive  horizontal  re- 
sistances in  the  surrounding  materials,  sufficient  to 
bring  about  a  condition  of  equilibrium  somewhat, 
changeable,  it  is  true,  but  usually  pretty  stable. 

Rigid  culvert  pipe. — The  rigid  pipe,  on  the  other 
hand,  do  not  distort  enough,  up  to  the  point  of  ob- 
jectionable cracking  and  distortion,  to  greatly  reduce 
the  vertical  load  or  to  develop  passive  horizontal  resist- 
ances which  can  safely  be  counted  upon  to  help  mate- 
rially. Only  active  horizontal  pressures,  such  as  are 
usually  calculated  by  Rankine's  formula  (say,  one- 
fourth  to  one-third  the  vertical  pressures  in  the  mate- 
rials alongside),  can  safely  be  counted  upon  to  help 
sustain  the  vertical  load. 

-  Our  mathematical  theory  of  loads  on  culverts  enables 
the  computation  of  the  vertical  loads  on  both  rigid 
and  flexible  culvert  pipe  (and  on  rectangidar  culverts 
as  well)  for  all  conditions  of  construction,  and  for 
different  yielding  of  foundations  as  well,  provided  that 
the  relative  shortening  of  the  vertical  height  of  culvert, 
settlement  of  the  culvert  foundation  under  load,  set- 
tlement of  the  granular  filling  materials  alongside,  and 
settlement  of  the  original  surface  alongside  under  the 
embankment  weight  can  be  forecast  approximately. 

Already  data  are  available  from  which  safe  loads 
(sometimes  perhaps  larger  than  are  sure  to  develop) 
can  be  calculated. 

FINE  CONDITIONS  OF  INSTALLATION  RECOGNIZED 

For  load  calculation  purposes,  culvert  construction 
conditions,  for  both  pipe  and  rectangular  culverts,  can 
be  divided  into  five  classes,  illustrated  by  Figures  1 
to  5,  inclusive. 

1.  Ditch  condition. — This  is  the  loading  condition  in 
which  all  the  filling  material  in  the  prism  above  the 
culvert  moves  down  relative  to  the  materials  alongside 
as  it  settles.  The  typical  case  is  that  in  which  the  cul- 
vert is  constructed  in  a  ditch  reaching  to  the  top  of  the 
embankment,  but  there  are  several  other  cases  which 
bring  about  the  ditch  condition.     The  load  on  the  cul- 
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vert  under  this  condition  is  given  by  the  formula — 

W=CAw  (B  +  2b)2 . (1) 

where   W=load  on  the  culvert  in  pounds  per  linear  foot 

w  =  weight  of  material  in  pounds  per  cubic  foot 

B  =  breadth  of  culvert  in  feet 

6  =  clearance  between  the  side  of  the  culvert 
and  (he  si<le  of  the  ditch  in  feet 


I 


I 


Mill 


I  ('* 


•-'AV 


\1<IX 


ditch  coefficient 


hi  which  e     t he  base  of  Naperian  logarithms 

fi  =  the  coefficient  of  friction   of   ditch  filling 

against  the  sides  of  the  ditch. 
H= height  of  ditch  filling  above  top  of  pipe 

in  feet. 
K=the    ratio    of    lateral    to    vertical    earth 
pressure. 
Formula  (1)  is  now  widely  established  in  engineering 
literature.2 


NATURAL  SURFACE  OF  SOLID  MATERIAL 


(a)  Conduit  in  trench  with    (6)  Conduit  in  trench  with    (c)  Conduit     in     narrow 
vertical  sides  steep,  sloping  sides  trench  in  solid  material 

at     bottom     of     wider 
trench 


| 

| 


HEIGHT    OF  EQUAL 
t   SETTLEMENT 


''11  Conduit  in  trench  with  vertical  sides    (6)  Same  as  (a)  except  sides  r> 


ih  large  in  proportion  to  pB) 


sloping 


Fig.   3. — Typical   Examples   of   the   Combined    Ditch-Pro- 
jection Condition 


TOP  OF   EMBANKMENT 


HEIGHT  OF  EQUAL  SETTLEMENT 


HEIGHT    OF  EQUAL  SETTLEMENT 


TOP  OF   EMBANKMENT 


hi 


(o)  Yielding  of  foundation  plus  shorten- 
ing of  vertical  diameter  considerable, 
but  less  than  settlement  of  material 
alongside  originally  at  level  of  top  of 
conduit 


(6)  Yielding  of  foundation  plus  shorten- 
ing of  vertical  diameter  considerable, 
but  less  than  settlement  of  material 
alongside  originally  at  level  of  top  of 
conduit.  Same  as  (o)  except  that 
height  of  equal  settlement  is  above  top 
of  embankment 


Fig.   4. 


Typical  Examples  of  the  Imperfect  Projection 
Condition 


HEIGHT  OF  EQUAL  SETTLEMENT  SOMEWHERE  ABOVE  TOP  OF  EMBANKMENT 


ii/)  Conduit  in  trench  in 
solid  materials  with  em- 
bankment overhead 


(e)  Sufficient  loose  fill  over    (/)  Yielding  of  foundation 
conduit   (in  1   or  more       plus  shortening^  verti 


layers)  to  insure  greater 
settlement  of  all  material 
over  conduit  than  of 
materials  alongside 


cal  diameter  sufficient  to 
insure  greater  settlement 
of  all  material  over  con- 
duit than  of  materials 
alongside 


jrIG_  i — Typical  Examples  of  Ditch  Condition  of  Loads  on 
Conduits  from  Trench  Fills  or  Embankment  Materials 


TOP  OF  EMBANKMENT 


TOP  OF  EMBANKMENT 


HEIGHT  OF  EOUAL  SETTLEMENT 


TOP  OF  EMBANKMENT 


(a)  Loose  fill  sufficient 
to  insure  greater  settle- 
ment of  material  over 
conduit  than  of  mate- 
rials alongside  only  to 
a  level  below  top  of 
embankment 


(b)  Yielding  of  foundation 
and  shortening  of  vertical 
diameter  sufficient  to  in- 
sure greater  settlement  of 
material  over  conduit 
than  of  materials  along- 
side only  to  a  level  below 
top  of  embankment 


(c)  Yielding  of  foundation 
and  shortening  of  vertical 
diameter  sufficient  to  in- 
sure greater  settlement  of 
material  over  conduit 
than  of  materials  along- 
side only  to  a  level  below 
top  of  embankment 


Fig.  2.— Typical  Examples  of  Imperfect  Ditch  Condition 
of  Loads  on  Conduits  from  Trench  Fills  and  Embank- 
ment Materials 


»  See  Bui.  31,  Iowa  Engineering  Experiment  Station,  1913. 


TOP  OF  EMBANKMENT 


HEIGHT  Of  EQUAL  SETTLEMENT 


HEIGHT  OF  EOUAL  SETTLEMENT_ 
TOP   OF  EMBANKMENT 
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i  oundation  rock  or  other  quite  uu-  (b)  Same  as  (a)  except  that  height  of 
yielding  material.  Conduit  rigid  pipe  equal  settlement  is  above  top  of  eni- 
or  rectangular  in  shape  bankment 

pIG    5 Typical  Examples   of  the   Projection   Condition 

2  Imperfect  ditch,  condition. — In  this  the  ditch  condi- 
tion is  established  imperfectly  by  loosely  filled  material 
over  the  pipe,  or  by  shortening  of  the  vertical  diameter 
or  by  yielding  of  the  foundation  or  by  a  combination  ot 
these  circumstances.  Formula  (1)  usually  applies  pari 
way  up,  after  which  the  load  increases  at  a  rate  equal 
to  RxwB,  in  which  Rx  is  a  constant  greater  than  unity. 
In  another  case,  however,  the  load  equals  wB  up  to  a 
height  of  equal  settlement,  He,  above  winch  the  load 
increases  at  a  rate  R2wB,  in  which  R2  is  a  constant  less 
than  unity. 

3  Combined  ditch  and  projection  condition.—  1  Ins  con- 
dition is  encountered  when  a  culvert  is  built  project  in- 
above  the  bottom  of  a  ditch  which  is  relatively  verj 
much  wider  than  the  outside  breadth  ot  the  culvert. 
The  projection  condition  formula  (see  5)  applies  up  to 
a  height  of  equal  settlement,  Hc,  above  which  the  load 
increases  according  to  the  ditch-condition  formula 
(see  1). 
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4.  Imperfect  projection  condition. — In  this  the  culvert 
projects  above  the  original  surface  alongside,  on  which 
the  embankment  rests,  but  there  is  a  material  shorten- 
ing of  the  vertical  diameter  under  load,  or  settlement  of 
foundation,  or  both,  sufficient  to  lighten  the  vertical 
load  on  the  culvert,  yet  less  than  the  settlement  of  the 
embankment  materials  alongside  at  the  level  of  the  top 
of  the  culvert.  The  load  is  given  by  the  projection- 
condition  formula  (2)  slightly  modified  (see  5). 

5.  Projection  condition. — In  this  the  culvert  projects 
above  the  original  surface  alongside  and  is  built  on 
foundations  which  do  not  settle  materially  relative  to 
the  original  surface  alongside,  on  which  the  embank- 
ment is  built,  and  the  vertical  height  of  the  culvert  is 
not  shortened  materially  by  the  load. 

The  load  for  the  projection  condition  is  given  by  the 
formula  3 

W=CpwB2.... (2) 


4>  = 


~  2ZM 


(H    He\e 


B  =  projection  coefficient 


Figure  C,  from  the  second  progress  report,  1922, 
provides  the  means  by  which  formulas  (1)  and  (2)  may 
be  simply  applied  to  calculations  of  loads  on  culverts. 

Figures  7  (Bui.  31),  8  (second  progress  report),  and  9 
(1926  A.  R.  E.  A.  Proc.)  show  conclusively  that  for- 
mulas (1)  and  (2)  are  confirmed  closely  by  actual  cul- 
vert load  measurements. 

The  original  tests  reported  by  Dean  Braune  fall 
between  formulas  (1)  and  (2),  except  his  trench-condi- 
tion clay  fill,  which  checks  closely  with  formula  (2)  to  a 
height  of  4  feet  and  with  formula  (1)  above  4  feet. 

HEIGHT   OF    EQUAL  SETTLEMENT  MEASURED 

The  mathematical  derivation  of  formula  (2)  dem- 
onstrates   the    theoretical    existence   in    the    fill    of    a 


values  of  coefficient  c 
Fig.  6. — Computation  Diagram  for  Loads  on  Culverts 
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Progress  Report  on  Culvert  Investigations,  Iowa  Engineering  Experi 
April,  1922. 


height  of  equal  settlement,  He,  at  which  the  materials 
over  the  pipe  and  those  alongside  settle  equally. 
Unpublished  data  obtained  by  the  Iowa  Engineering 
Experiment  Station  in  1925-26,  demonstrate  by  actual 
measurements  the  existence  of  such  a  height  of  equal 
settlement,  approximately  at  the  computed  level. 

Many  measurements  reported  in  Bulletin  76,  Iowa 
Engineering  Experiment  Station,  1926,  show  that  for  36- 
inch  concrete  culvert  pipe,  the  shortening  of  the  vertica  1 
diameter  under  load  up  to  the  point  of  cracking  is 
insignificant  relative  to  the  settlement  of  the  founda- 
tion and  materials  alongside.  The  Farina  experiments 
show  that  the  same  was  true  for  42-inch  cast-iron  pipe, 
the  vertical  diameter  of  which  shortened  only  0.3 
inch  under  35  feet  of  fill,  whereas  the  culvert  settled 
3  J/2  inches  into  the  foundation. 

This  discussion  has  referred  so  far  to  loads  on  pipes 
due  to  filling  materials  only.  R.  W.  Crum's  report  on 
field  examinations  of  culverts  shows  that  the  great 
majority  of  culverts  are  built  under  fills  of  5  feet  or 
less.  In  all  such  cases  the  load  on  the  pipe  due  to 
the  embankment  is  nearly  equal  to  the  actual  weight 
of  the  materials  directly  over  the  pipe.  .But,  in  such 
shallow  fills,  important  additional  superloads  arc 
transmitted  to  culverts  as  a  result  of  the  weight  and 
impact  of  vehicles. 
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pressure  on  culvert-pounds  per  linear  foot 

Fig.  8. — Comparison  of  Actual  and  Theoretical  Loads  on 
Pipe.  The  Material  of  the  Fill  was  Sand  and  Gravel 
with  a  Weight  of  126.5  Pounds  Per  Cubic  Foot 

The  Iowa  Engineering  Experiment  Station  will 
shortly  publish  a  bulletin  in  cooperation  with  the 
Bureau  of  Public  Roads  giving  the  results  of  three 
years  active  experimentation  with  loads  transmitted 
to  culvert  tops  from  static  and  moving  superloads. 
These  show  that  culverts  should  be  designed  to  carry 
superloads  equal  to 

W*  =  ICtT ,— -  (3) 

Where  Wa  =  total  allowance  for  superload  and  impact 
2=  impact  coefficient  =  1.50  to  2.00 
T=  heaviest  weight  on  one  wheel 

3     H3 
<7t  =  aS27r  ZT[ 

In  the  formula  for  Ct  a  is  one  of  the  small  uniform 
unit  areas  into  which  the  top  of  the  culvert  must  be 
divided  for  summation  calculations.  H  is  the  vertical 
distance  from  top  of  culvert  to  the  roadway  as  used 
before  and  Ha  is  the  slant  height  from  center  of  unit 


area  to  point  of  application  of  superload  to  roadway. 

3     Rz 
The  expression  ^-  ^  would  if  multipled  by  the  super- 
load  give  the  intensity  of  vertical  pressure  at  the  center 
of  the  small  unit  area  corresponding  to  the  value  of  HB. 

In  conclusion,  it  is  desired  to  call  the  attention  of 
highway  engineers  to  the  great  differences  in  the  actual 
supporting  strength  of  culvert  pipe  which  may  be 
caused  by  variations  in  the  bedding  of  the  pipe  during 
construction.  The  several  conditions  of  bedding  clas- 
sified and  the  effect  of  each  upon  the  safe  load  are  as 
follows : 

Impermissible  bedding,  in  which  the  pipe  is  laid 
without  bedding  below  the  horizontal  diameter,  may 
weaken  the  culvert  pipe  20  per  cent  or  more. 

Ordinary  bedding,  refers  to  the  case  in  which  the 
bottom  of  the  pipe  is  carefully  bedded  for  90  per  cent 
of  the  circumference. 

First-class  bedding,  in  which,  in  addition  to  ordinary 
bedding,  the  earth  is  very  carefully  deposited  and 
tamped  under  and  around  the  pipe,  may  increase  the 
strength  25  per  cent. 

And,  finally,  properly  designed  concrete  cradle 
bedding,  may  double  the  supporting  strength.  A 
forthcoming  bulletin  of  the  Iowa  Engineering  Experi- 
ment Station,  1926  (the  Bureau  of  Public  Roads 
cooperating),  gives  the  results  of  tests  of  such  beddings 
with  reinforced  concrete  pipe  up  to  84  inches  in 
diameter. 
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(Continued  from  p.  221) 

Federal-aid  payments  for  highway  work  have  been  up 
to  this  time  very  much  less  than  the  total  amount 
collected  through  this  tax  since  the  tax  has  been  in 
effect.  The  Federal-aid  payments  in  1925  amounted 
to  $95,749,998,  which  is  equivalent  to  about  7.7  per 
cent  of  the  country's  total  rural  highway  disburse- 
ments. If  these  figures  are  added  to  the  funds  derived 
from  motor-vehicle  revenues  used  for  highway  pur- 
poses, we  arrive  at  an  amount  equivalent  to  36.7  per 
cent  of  the  total  disbursements.  Although  a  larger 
sum  was  coUected  in  the  form  of  license  fees  and 
gasoline  taxes,  the  funds  derived  from  these  sources 
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actually  used  for  highway  purposes  were  considerably 
less.  Before  any  further  attempts  are  made  to  with- 
draw a  still  larger  part  of  the  motor-vehicle  receipts 
and  use  them  for  purposes  other  than  for  rural  high- 
ways, a  careful  study  should  be  made  as  to  the  extent 
to  which  highway  expenditures  in  the  various  States 
are  met  through  motor-vehicle  contributions.  A  part 
of  these  motor-vehicle  revenues  is  also  used  for  admin- 
istrative expenses.  It  behooves  each  State  in  that 
connection  to  see  to  it  that  such  costs  are  kepi  at  a 
minimum  so  that  as  large  a  share  of  the  license  I 
and  gasoline  taxes  as  possible  shall  be  devoted  to  the 
purpose  for  which  they  are  intended. 


THE  DOWNWARD  KICK   OF  THE  REAR   WHEELS  OF 
VEHICLES  IN  STARTING  FROM  REST  TO  MOTION 

By  THOMAS  K.  A.  HENDRICK,  Highway  Research  Board,  National  Research  Council 


When  a  vehicle,  at  rest  on  the  highway,  starts,  what 
is  the  measure  of  the  effect  on  the  pavement  of  the 
changed  condition  of  rest  to  motion?  The  configura- 
tion, mass,  and  acceleration  of  the  vehicle,  obviously, 
determine  the  answer.  Doubtless  the  answer  would 
be  given  qualitatively,  for  it  is  believed  that  no  quan- 
titative measurements  have  ever  been  made.  Quali- 
tatively one  would  say  that  the  pavement  does  not  suf- 
fer in  the  slightest.  It  is  not  known  that  any  high- 
way specifications  account  for  this  specific  force.  But 
it  is  conceivable  that  the  increase  in  the  size  and  weight 
of  motor  trucks  and  the  increasing  number  of  quick- 
starting  taxicabs,  may  make  a  quantitative  answer 
desirable. 

Experiments  have,  therefore,  been  made  by  the 
writer,  along  lines  suggested  by  Prof.  C.  J.  Tilden, 
chairman  of  the  department  of  engineering  mechanics, 
Yale  University,  on  a  bicycle,  3  Buick  cars,  3  motor 
trucks  (5  to  13  tons  gross  weight),  and  5  taxicabs. 
The  measurements  were  made  by  means  of  Toledo  scales 
whereon  the  increase  of  force  can  be  read  directly  from 
the  dial  scale  as  the  indicator  advances. 

For  the  bicycle,  the  550-pound  scale,  in  the  Sheffield 
laboratory  of  engineering  mechanics,  Yale  University, 
was  used.  Through  the  courtesy  of  the  Connecticut 
State  Highway  Department,  the  40,000-pound  scales  lo- 
cated at  West  Haven,  Conn.,  were  used  for  automobiles, 
trucks,  and  taxicabs.  All  measurements  were  made 
with  the  rear  wheels  only  on  the  platform  of  the  scales. 

When  a  vehicle  is  started  from  rest,  according  to 
D'Alembert's  principle  of  reversed  effective  forces, 
there  is  applied  at  the  center  of  gravity  of  the  mass 
accelerated,  as  a  result  of  the  inertia  of  the  vehicle,  a 
reversed  effective  force  equal  to  the  mass  times  the 
acceleration  and  opposite  in  direction  to  the  direction 
of  motion.  This  reversed  effective  force,  when  added 
to  the  system  of  external  forces,  produces  an  imaginary 
condition  of  static  equilibrium  in  all  the  forces  acting  on 
the  vehicle.  For  this  condition  the  laws  of  static  equi- 
librium,  2  H  =0,  2  V  =  0,  and  2  M  =  0,  rigorously  hold. 

Applying  the  principle  of  the  summation  of  moments 
about  the  point  of  contact  of  the  front  wheel,  as  a  point 
of  moments,  it  is  readily  seen  that  the  reversed  effective 
force  causes  a  downward  thrust  or  downward  "kick" 
on  the  rear  wheels,  and  an  uplift  on  the  front  wheels. 
This  downward  "kick"  was  registered  in  the  experi- 
ments made  on  the  dial  of  the  scale  by  the  rapid 
advance  of  the  indicator.  The  difference  in  the  reading 
before  and  during  starting  measures  the  downward 
"kick"  in  pounds. 

It  is  important  to  emphasize  that  this  registration  of 
the  downward  "kick"  in  pounds  on  the  dial  of  the  scale 
is  independent  of  the  acceleration  and  the  location  of 
the  center  of  gravity  in  so  far  as  it  is  not  computed  from 
these  quantities.  It  is,  in  itself,  a  direct  measurement 
of  the  downward  "kick." 

RESULTS  OF  EXPERIMENTS 

For   each   of   the   vehicles   experimented   with,    20 
readings  were  made  except  in  the  case  of  the  bicycle 
for    which    21    readings    were    made.     Each    reading 
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represents  a  separate,  independent  start,  and  the  aver- 
age of  the  readings  was  taken  as  the  "kick"  caused  by 
each  vehicle.  The  start  was  a  normal  start  except  in 
the  case  of  the  Buick  6-cylinder  car.  By  "normal 
start"  is  meant  that  the  vehicle  was  started  as  one 
would  normally  start  on  getting  into  a  car  on  the 
highway  and  driving  off.  The  drivers  were  experienced, 
their  experience  ranging  from  one  to  five  years.  The 
gasoline  was  controlled  by  foot  accelerator  except  in 
the  case  of  the  Buick  car,  above  mentioned,  in  which 
it  was  controlled  by  the  throttle  which  was  opened  to 
the  position  necessary  for  a  speed  of  35  miles  per  hour 
on  a  level  road. 

As  a  result  of  the  tests,  it  is  believed  that  it  can  be 
stated  that  the  downward  "kick"  of  the  rear  wheels 
of  vehicles,  in  starting  from  rest,  varies  according  to 
the  type  and  classification  of  the  vehicle  from  4  to  23 
per  cent  of  the  load  on  the  rear  axle;  and  from  2  to  11.8 
per  cent  of  the  total  load. 


Showing  the  Scales  Used  for  Measuring  the  Downward 
Kick  of  Automobiles  and  Trucks.  For  Normal  Starts 
the  Average  Downward  Kick  of  the  4-Cylinder,  5-Pas- 
senger  Touring  Car  Shown  was  7.0  Per  Cent  of  the  Load 
on  the  Rear  Axle 

For  light  passenger  vehicles,  with  about  1,700  pounds 
on  the  rear  axle  and  3,200  pounds  total  weight,  the 
average  downward  "kick"  is  about  6.4  per  cent  of  the 
load  on  the  rear  axle  or  about  3.4  per  cent  of  the  total 
load. 

For  trucks  with  a  total  weight  of  22,000  pounds 
13,000  pounds  on  the  rear  axle,  the  downward  "kick" 
is  about  5.3  per  cent  of  the  load  on  the  rear  axle  or  3.2 
per  cent  of  the  total  load. 

For  taxicabs,  with  a  total  weight  of  3,500  pounds, 
and  a  weight  on  the  rear  axle  amounting  to  1,900 
pounds,  the  downward  "kick"  is  about  18.2  per  cent 
of  the  latter  or  about  9.1  per  cent  of  the  total  load. 

In  some  cases,  depending  upon  the  load  and  body 
characteristics  of  the  vehicle,  and  the  idiosyncrasies 
of  the  driver,  the  downward  "kick"  of  the  rear  wheels 
of  some  passenger  cars  may  easily  be  one-fourth  of  a 
ton  and  for  heavy  trucks  it  may  easily  be  one-half  a  ton. 


MOTOR  TRUCK  IMPACT  TESTS  NOW  IN  PROGRESS 


A  special  series  of  field  motor-truck  impact  tests, 
now  being  carried  on  by  the  Bureau  of  Public  Roads, 
is  expected  to  be  completed  within  a  few  months. 
The  objectives  of  these  tests  were  determined  from  a 
study  of  the  data  secured  during  the  original  program 
which  has  been  completed  and  reported  on.1  The  work 
is  in  cooperation  with  the  Society  of  Automotive 
Engineers  and  the  Rubber  Association  of  America. 

Based  upon  the  findings  of  the  original  program,  it 
is  believed  that  motor-truck  impact  reactions  are  de- 
dendent  on  four  major  variables,  namely,  road  rough- 
•  ness,  tire  equipment,  wheel  load,  and  vehicle  speed. 
It  is  not  believed  that  the  effect  of  one  variable  should 
be  considered  without  due  regard  for  the  other  three. 
From  the  original  program  it  was  possible  to  plot  lines 
of  equal  impact  reaction  for  one  road  condition,  four 
tire  types,  and  various  combinations  of  load  and  speed. 
The  result  was  a  series  of  isodynamic  curves  from  which 
could  be  read  the  maximum  total  vertical  reactions  in 
thousands  of  pounds  that  might  be  reasonably  expected 
to  occur  on  that  particular  road  for  any  combination 
of  wheel  load  and  truck  speed.  The  data  were  segre- 
gated by  tire  types  such  as  pneumatic,  new  cushion, 
new  solid,  and  worn-out  solid  equipment;  and  the  curves 
represented  a  range  of  wheel  loads  up  to  20,000  pounds 
and  speeds  from  0  to  30  miles  an  hour.  The  tests  were 
made  on  the  Arlington  test  road  which  had  been  rough- 
ened by  artificial  obstructions. 

With  this  preliminary  isogram  as  a  basis,  a  pro- 
gram of  tests  was  formulated,  the  field  work  of  which  is 
expected  to  be  completed  within  a  few  months.  A  num- 
ber of  highway  sections  have  been  selected  as  repre- 
sentative in  type  and  roughness.  These  sections  were 
marked  off  in  one-twentieth  mile  lengths  and  points 
were  spotted  on  the  pavement  with  traffic  white  to 
guide  the  trucks  over  the  test  sections.  The  road 
sections  were  calibrated  carefully  at  varying  speeds  by 
means  of  the  "roughometer"  described  in  the  Septem- 
ber, 1926,  number  of  Public  Roads.  The  roughness 
limits  ranged  from  100  to  800  units  at  a  speed  of  30 
miles  per  hour. 

Tire  equipment  was  selected  to  represent  the  four 
types  used  in  the  preliminary  investigation,  namely, 
pneumatic,  new  cushion,  new  solid,  and  worn-out  solid. 
The  average  deflections  of  the  four  types  under  a  static 
load  of  10,000  pounds  were  approximately  2.5  inches,  1 
inch,  0.7  inch,  and  0.2  inch,  respectively.  The  tires 
were  mounted  permanently  on  extra  wheels  in  order 
that  tire  changes  might  be  made  rapidly  and  conven- 
iently bv  substituting  wheels. 

At  the  beginning  of  the  tests  the  rear-wheel  loads 
were  standardized  at  2,500,  5,000,  7,500,  and  10,000 


'  See  Public  Roads,  vol.  7,  No.  4. 


pounds.  Two  trucks  were  used,  a  2-ton  truck  for  the 
2,500  and  5,000  pound  loads  and  a  5-ton  truck  for  the 
other  loads.  The  light  load  of  each  truck  was  accu- 
rately measured  on  platform  scales  and  securely  fas- 
tened in  position.  Then  the  heavier  load  was  built  up 
on  each  truck  by  adding  100-pound  lead  or  iron  weights. 
The  positions  of  these  extra  weights  were  marked  on  the 
trucks  so  that  the  wheel  loads  might  be  duplicated 
readily. 

The  trucks  were  operated  at  speeds  varying  by  small 
increments  from  the  minmum  up  to  the  maximum  speed 
obtainable.  The  average  speed  of  each  run  was  com- 
puted from  stop-watch  observations  and  the  known 
length  of  the  test  section.  Variations  in  speed  were 
observed  from  speedometers  mounted  on  the  trucks. 
Runs  varying  from  the  average  speed  by  more  than 
one-half  mile  per  hour  as  registered  by  the  speedometer 
were  not  recorded. 

A  field-test  program  of  this  character  made  necessary 
a  mobile  organization  and  equipment.  To  provide  for 
this  a  field  office  and  two  loading  and  storage  platforms 
were  built  on  a  16-foot,  3-ton  trailer  chassis.  On  a  2-ton 
truck  chassis  a  special  platform  body  was  constructed 
with  a  swinging  chain  hoist  placed  at  the  forward  end. 
In  addition  to  hauling  the  trailer  this  service  truck  was 
used  to  carry  the  spare  wheels,  gasoline,  and  general 
equipment  necessary  for  the  tests. 

The  2-ton  and  5-ton  test  trucks  were  equipped  with 
the  coil-spring  accelerometers  developed  by  the  bureau, 
which  were  mounted  so  as  to  follow  the  vertical  motion 
of  the  right  rear  wheels. 

Municipal  authorities  in  the  District  of  Columbia  and 
in  Alexandria,  Va.,  were  interested  cooperators  in  the 
tests  made  within  their  jurisdiction.  Traffic  officers 
were  assigned  to  assist  in  the  work,  and  they  were 
extremely  valuable  in  making  it  possible  to  conduct  the 
tests  on  the  streets  with  safety.  No  parking  signs  were 
placed  temporarily  at  several  point-  to  facilitate  the 
tests. 

The  value  sought  in  these  tests  for  each  combination 
of  the  four  variables  was  the  average  of  the  five  highest 
impacts  occurring  within  the  one-twentieth  mile  section. 
This  represents  the  magnitude  of  the  average  impact 
which  occurs  at  the  rate  of  100  per  mile.  Since  the 
unsprung  component  of  motor-truck  impact  is  generally 
the  important  quantity,  it  was  considered  sufficient  to 
compute  this  unsprung  component  and  add  to  it  the 
sprung  component  determined  by  static  weighing  in 
order  "to  arrive  at  the  total  impact  force  \:i  attempl 
will  also  be  made  to  express  the  absolute  maximum  in 
terms  of  the  average  of  the  five  highest  impacts.  The 
indications  at  present  are  that  useful  and  reasonably 
accurate  results  may  be  obtained. 
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Apportionment  of  Federal-aid  funds  for  the  fiscal  year  ending  June  30,  1928 


State 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut.  _ 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 
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Amount 


11,  547 

1,056 

1,277 

2,483 

1,376 

472 

365 

899 

1,979 

935 

3,  154 

1,926 

2,044 

2,068 

1,417 

1,013 

680 

635 

1,089 

2,  214 

2,  120 

1,307 

2,405 

1,551 

1,585 

948 


220 
994 
896 
437 
520 
685 
625 
451 
209 
193 
429 
772 
999 
532 
947 
308 
794 
119 
100 
691 
741 
879 
175 
499 
138 
510 


State 


New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina  . 
North  Dakota. . 
Obio.__. 

Oklahoma 

Oregon 

Pennsylvania. . 
Rhode  Island. . 
South  Carolina. 
South  Dakota.  _ 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia.  _ 

Wisconsin 

Wyoming 

Hawaii 

Total.  _. 


Amount 


i 

$365, 

625 

934, 

611 

1, 

186, 

763 

3, 

635, 

217 

1, 

713, 

356 

1 

194, 

951 

2, 

762, 

209 

1, 

751, 

891 

1 

182, 

202 

3, 

335, 

735 

365, 

625 

1, 

054, 

988 

1, 

220, 

064 

1, 

614, 

766 

4, 

497, 

272 

846, 

906 

365, 

625 

1 

442, 

714 

1, 

131, 

532 

793, 

636 

1, 

870, 

455 

934, 

369 

365, 

625 

73,  125,  000 
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Applicants  are  urgently  requested  to  ask  only  for  those  publications  in  which  they  are 
particularly  interested.  The  Department  can  not  undertake  to  supply  complete  sets 
nor  to  send  free  more  than  one  copy  of  any  publication  to  any  one  person.  The  editions 
of  some  of  the  publications  are  necessarily  limited,  and  when  the  Department's  free  supply 
it  exhausted  and  no  funds  are  available  for  procuring  additional  copies,  applicants  are 
referred  to  the  Superintendent  of  Documents,  Government  Printing  Office,  this  city,  who 
has  them  for  sale  at  a  nominal  price,  under  the  law  of  January  12,  1895.  Those  publica- 
tions in  this  list,  the  Department  supply  of  which  is  exhausted,  can  only  be  secured  by 
purchase  from  the  Superintendent  of  Documents,  who  is  not  authorized  to  furnish  pub- 
lications free. 

ANNUAL  REPORT 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 

DEPARTMENT  BULLETINS 

No.    105D.  Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1913. 
*136D.  Highway  Bonds.     20c. 
220D.  Road  Models. 

257D.  Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1914. 
*314D.   Methods  for  the  Examination  of   Bituminous  Road 

Materials.     10c. 
*347D.  Methods   for  the    Determination    of    the  Physical 

Properties  of  Road-Building  Rock.     10c. 
*370D.  The  Results   of    Physical    Tests  of    Road-Building 

Rock.  15c. 
386D.  Public  Road  Mileage  and  Revenues  in  the  Middle 

Atlantic  States,  1914. 
387D.  Public  Road  Mileage  and  Revenues  in  the  Southern 

States,  1914. 
388D.  Public  Road    Mileage   and    Revenues  in  the  New 

England  States,  1914. 
390D.  Public  Road  Mileage  and  Revenues  in  the  United 

States,  1914.     A  Summary. 
407D.  Progress  Reports  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1915. 
*463D.  Earth,  Sand-Clay,  and  Gravel  Roads.     15c. 
*532D.  The  Expansion  and  Contraction  of    Concrete  and 

Concrete  Roads.     10c. 
*537D.  The  Results  of  Physical  Tests  of  Road-Building  Rock 

in  1916,  Including  all  Compression  Tests.     5c. 
*583D.  Reports  on  Experimental  Convict  Road  Camp,  Ful- 
ton Countv,  Ga.     25c. 
*660D.  Highway  Cost  Keeping.     10c. 
*670D.  The  Results  of  Phvsical  Tests  of  Road-Building  Rock 

in  1916  and  1917.     5c. 
*691D.  Typical  Specifications  for  Bituminous  Road  Mate- 
rials.    10c. 
*724D.  Drainage    Methods   and    Foundations   for  County 
Roads.     20c 
♦1077D.  Portland  Cement  Concrete  Roads.     15c. 
♦1132D.  The  Results  of  Physical    Tests  of    Road-Building 
Rock  from  1916  to  1921,  Inclusive.     10c. 
1259D.  Standard  Specifications  for  Steel  Highway  Bridges, 
adopted  by  the  American  Association   of  State 
Highway  Officials  and    approved    by    the   Sec- 
retary of  Agriculture  for  use  in  connection  with 
Federal-aid  road  work. 
1279D.  Rural  Highway  Mileage,  Income  and  Expenditures, 
1921  and  1922. 


DEPARTMENT  CIRCULARS 
No.  94C.  TNT  as  a  Blasting  Explosive. 

331C.  Standard  Specifications  for  Corrugated  Metal   Pipe 
Culverts. 

MISCELLANEOUS  CIRCULARS 

No.  60M.  Federal  Legislation   Providing  for   Federal  Aid   in 
Highway  Construction. 
62M.  Standards  Governing  Plans,  Specifications,  Contract 
Forms,  and  Estimates  for  Federal   Aid    Highway 
Projects. 

FARMERS'  BULLETINS 

No.  *338F.  Macadam  Roads.     5c. 

*505F.  Benefits  of  Improved  Roads.     5c. 

SEPARATE  REPRINTS  FROM  THE  YEARBOOK 

'  >8 

No.  *739Y.  Federal  Aid  to  Highways,  1917.     5c. 
*849Y.  Roads.     5c. 
914Y.  Highways  and  Highway  Transportation. 

OFFICE  OF  PUBLIC  ROADS  BULLETIN 

No.  *45.  Data  for  Use  in  Designing  Culverts  and  Short-span 
Bridges.     (1913.)     15c. 

OFFICE  OF  THE  SECRETARY  CIRCULARS 

No.    49.  Motor  Vehicle  Registrations  and  Revenues,  1914. 

59.  Automobile  Registrations,  Licenses,  and  Revenuea  in 

the  United  States,  1915. 
63.  State  Highway  Mileage  and  Expenditures  to  January 

1,  1916. 
*72.  Width  of  Wagon  Tires  Recommended  for  Loads  of 
Varying  Magnitude  on  Earth  and  Gravel  Roads.     5c. 
73.  Automobile  Registrations,  Licenses,  and  Revenues  in 

the  United  States,  1916. 
161.  Rules  and  Regulations  of  the  Secretary  of  Agriculture 
for   Carrying   out  the   Federal   Highway    Act   and 
Amendments  Thereto. 

REPRINTS  FROM  THE  JOURNAL  OF  AGRICULTURAL 
RESEARCH 

Vol.  5,  No.  17,  D-  2.  Effect  of  Controllable  Variables  Upon 
the  Penetration  Test  for  Asphalts  and 
Asphalt  Cements. 

Vol.  5,  No.  19,  D-  3.  Relation  Between  Properties  of  Hard- 
ness and  Toughness  of  Road-Building 
Rock. 

Vol.  5,  No.  24,  D-  6.  A  New  Penetration  Needle  for  Use  in 
Testing  Bituminous  Materials. 

Vol.  10,  No.  5,  D-12.  Influence  of  Grading  on  the  Value  of 
Fine  Aggregate  Used  in  Portland  Ce- 
ment Concrete  Road  Construction. 

Vol.  11,  No.  10,  D-15.  Tests  of  a  Large-Sized  Reinforced-Con- 
crete  Slab  Subjected  to  Eccentric  Con- 
centrated Loads. 


•Department  supply  exhausted 
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FILL  SETTLEMENT  IN  PEAT  MARSHES 


By  V.  R.  BURTON,  Engineer  on  Special  Ass 

THE  MICHIGAN  State  Highway  Department  has 
just  completed  a  special  study  of  fill  settlement 
in  peat  marshes  as  a  part  of  the  general  soil  sur- 
vey it  has  undertaken.  Settlement  in  peat  marshes 
has  caused  serious  trouble  in  many  places,  because  it 
was  unknown  how  much  fill  material  would  be  required 
and  even  after  the  fill  had  been  completed  there  was 
no  assurance  that  it  would  maintain  the  original  grade 
line.  It  was  therefore  desired  to  ascertain  the  physical 
characteristics  of  the  peat  and  decide  on  the  field  data 
necessary  to  properly  locate  and  estimate  the  cost  of  a 
road  oyer  a  peat  deposit.  It  was  hoped  that  it  would 
be  possible  to  devise  a  method  of  construction  more  eco- 
nomical than  that  then  in  use,  and  to  adopt  better  main- 
tenance methods  to  restore  sunken  fills  and  prevent  fur- 
ther settlement. 

A  brief  description  of  peat  deposits  will  be  necessary 
if  any  adequate  idea  is  to  be  had  of  what  actually 
exists  under  the  surface  of  a  "sink  hole."  Peat  deposits 
are  classified  and  mapped  stratigraphically  in  essent- 
ially the  same  way  as  mineral  upland  soils.  For 
general  peat  studies,  peat  materials  have  been  described 
by  layers  in  terms  of  composition,  texture,  structure, 
and  color.  This  gives  a  fairly  good  idea  of  the  main 
differences  between  separate  peat  layers  and  localizes 
their  relative  positions. 

VARYING   CHARACTERISTICS  OF  PEAT  LAYERS  AID  STUDY  OF  FILL 
SETTLEMENT 

The  classification  of  peat  strata  was  made  in  accord- 
ance with  the  system  largely  developed  in  this  country 
by  Dr.  Alfred  P.  Dachnowski,  of  the  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture, 
and  he  personally  supervised  a  number  of  surveys. 
The  following  description  of  peat  deposits  is  taken  from 
an  article  on  the  "  Stratigraphic  Study  of  Peat 
Deposits"2  by  Doctor  Dachnowski.  "Distinction 
should  early  be  made  between  muck  and  peat.  Muck 
is  the  thin  surface  layer  of  disintegrated  peat  and  is 
entirely  different  in  appearance  and  properties  to  the 
relatively  unaltered  peat  below  it.  This  distinction 
is  made  because  many  engineers  use  the  terms  inter- 
changeably with  no  knowledge  that  there  is  a  difference 
in  the  two." 

Table  1  is  from  the  article  just  referred  to,  and  gives 
the  classification  of  characteristic  peat  layering. 

Pulpy  peat  is  formed  in  water  basins  under  conditions 
of  poor  drainage  from  transported  organic  sediment 
carried   from   its   origin   and   redistributed   by   water 
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currents.  There  are  no  visible  bedding  planes  although 
the  original  sediment  was  laid  down  in  practical ly 
horizontal  position  under  conditions  differing  by  rate 
of  deposition,  seasonal  changes,  etc.  The  plant  re- 
mains are  small  in  size.  In  texture  the  peats  vary  from 
coarse  to  very  finely  divided  particles,  while  in  structure 
a  layer  may  vary  widely  in  its  degree  of  compaction. 
Fresh  from  the  deposit  and  while  still  moist  the  colors 
vary  from  gray,  green,  and  brown  to  black. 


Drainage  Ditch  Through  Peat  Bog 

As  with  most  peats,  the  pulpy  variety  quickly  loses 
its  character  by  oxidation  on  exposure  to  the  air  and 
drying.  It  shrinks  enormously  and  becomes  a  hard, 
water-resisting  substance  when  quickly  dried  out.  It 
will  not  then  absorb  anything  like  the  original  quantity 
of  water.  Doctor  Dachnowski  states  that  "it  may  be 
accepted  as  an  axiom  that  undrained  deposits  of  peat 
contain  from  about  70  to  95  per  cent  of  water." 

The  outstanding  characteristic  of  fibrous  layers  of 
peat  is  their  matted  or  felt-like,  porous  nature  which 
has  its  origin  in  the  slightly  altered  remains  of  moss, 
roots,  rootlets,  and  rhizomes  of  herbs.  The  peat  layers 
differ  widely  in  character.  Their  water  content  is 
enormously  high,  the  solid  matter  commonly  composing 
only  from  5  to  15  per  cent  of  the  peat  mass.  In  texture 
they  vary  from  coarse  to  very  finely  fibered  material 
usually  presenting  a  rather  loose,  porous  appearance, 
with  colors  ranging  from  gray  through  yellow  to  red 
brown  and  dark  brown.  The  layer  may  be  interbcdded 
or  it  may  grade  into  a  layer  of  woody  of  pulpy  peat  by 
admixture  or  it  may  occur  in  overlapping  beds  of  other 
kinds  of  fibrous  peat. 


Table  1. — Structural  units  of  peat  deposits  and  some  of  their  physical  characteristics 


Groups   of  peat-forming 
vegetation 

Types  of  peat 

Character  of  peat  layers 

Color  of  peat  layers 

Texture  of  peat  layers 

Structure  of  peat  layers 

>Pulpy  (sedimentary) 

Olive    green,    brown     to 
black. 

Gray,  red  or  yellow  brown 
to  dark  brown. 

Dark  brown  to  blackish 
brown. 

Coarse    to    very    finely 
divided. 

Coarse  to  fine  fibered 

Coarsely    fragmented    to 
granular. 

Compact,     impervious, 
stiir,    plastic    or   loose,, 
friable. 

(Reed 

Marsh    

{Sedge 

Dense,   matted,   felty,   or 

Bog .- 

(Willow-alder  shrub 

•(Deciduous  forest 

Compact  and  granular,  or 

loose,  wicker-like. 

i  Paper  presented  at  the  fifth  annual  meeting  of  the  Highway  Research  Council,  Washington  D.  C,  December,  1926. 
2  Soil  Science,  vol.  17,  No.  2,  February,  1924. 
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Woody  peat  may  occur  either  as  the  dominant  com- 
ponent or  as  a  prominent  admixture  in  other  types. 
The  woody  plant  remains  are  broken  down  partly  into 
granular  debris  and  partly  into  irregularly  shaped 
woody  fragments,  which  are  almost  unaltered  by  decom- 
position. The  woody  peats  differ  widely  in  composition 
and  character.  They  may  be  as  finely  divided  as 
sawdust  or  as  coarse  as  a  tangle  of  waterlogged  brush 
and  logs.  Several  layers  may  be  found  as,  like  the 
fibrous  peats,  they  are  developed  on  moist  flat  land 
under  conditions  of  a  rising  or  fluctuating  water  table. 
Land  may  grow  up  to  forest,  be  submerged  to  form  a 
marsh,  and  then  emerge  again  to  become  a  forest. 
In  one  peat  deposit  examined  on  this  survey  three 
distinct  forest  layers  were  plainly  visible. 

Marly  phases  of  peat  are  formed  from  calcareous 
plant  remains  and  shells  of  mollusks  and  are  usually 
found  admixed  in  the  macerated  types  of  peat.  Exten- 
sive deposits  of  marl  with  peat  occur  mainly  in  regions 
underlain  by  limestone  rock  or  where  the  soil  adjacent 
to  and  underneath  a  peat  area  is  derived  from  lime- 
stone drift.  Deposits  vary  in  color  from  gray  to  brown 
and  are  usually  soft  plastic  masses  with  particles  from 
fine  to  comparatively  coarse,  depending  on  the  amount 
and  character  of  plant  or  shell  remains  present. 

The  lake  clay  found  at  the  bottom  of  most  deep  peat 
deposits  is  structureless,  mainly  siliceous  material  from 
plant  and  animal  remains  consisting  of  diatomaceous 
shells  and  drift  debris.  It  is  gray  to  gray  blue  in  color, 
fairly  compact,  but  with  a  high  percentage  of  water  in 
it  and  is  quite  plastic  and  sticky.  It  is,  however,  a 
much  more  compact  and  weighty  material  than  any 
of  the  peats  or  marls. 

In  carrying  out  the  study  of  fill  settlement  it  was 
decided  to  cross  section  marshes  accurately  by  boxings, 
which  would  show  the  various  peat  layerings  and  the 
exact  position  of  the  filled  material  with  reference  to 
them.  Samples  of  the  various  classes  of  peat  were  to 
be  collected  and  sent  to  the  laboratory  for  physical 
tests  in  an  effort  to  discover  some  relationship  between 
their  bearing  power  and  the  known  settlement  for 
various  water  contents.  If  a  large  number  of  existing 
fills  were  thus  examined,  it  seemed  logical  that  general 
conclusions  might  be  drawn  to  serve  as  a  guide  on 
future  work. 

FILL   SETTLEMENT    NOT    AFFECTED    BY    CHARACTER    OF   PEAT 

Fills  over  eight  different  peat  deposits  were  cross 
sectioned  at  83  different  points  where  the  depth  of  the 
peat  ranged  from  1  to  66  feet.  The  shape  of  the  fill 
material  was  accurately  determined  with  a  2-inch 
Empire  drill.  Cores  from  the  peat  were  taken  with 
the  Davis  peat  sampler  where  possible,  but  if  the  peat 
was  compacted  beyond  a  certain  amount  the  Empire 
drill  and  jet  was  used.  Enough  test  holes  were  put 
down  on  the  cross  section  chosen  to  show  the  fill  shape 
fairly  accurately  and  an  effort  was  made  to  extend  the 
cross  section  in  both  directions  from  the  fill  sufficiently 
far  to  get  out  of  the  zone  where  the  layers  were  dis- 
turbed by  filling.  In  a  few  cases  it  later  became 
evident  that  the  test  holes  at  the  extremities  of  the 
cross  section  were  not  placed  far  enough  from  the 
center  line. 

Samples  of  the  different  peat  layers  were  collected  at 
various  depths  and  sent  to  the  laboratory  for  physical 
tests.  Results  were  very  disappointing  in  this  regard. 
It  was  impossible  to  maintain  the  peat  in  its  original 
condition  on  exposure  to  the  air.  Peat  as  it  comes 
from  the  ground  is  only  partially  oxidized  and  at  the 


greater  depths  there  is  actually  some  reducing  action. 
Consequently,  immediately  it  is  handled  in  air,  oxida- 
tion begins  and  if  it  is  attempted  to  dry  it,  a  totally 
different  material  results.  Laboratory  bearing  value 
tests  were  not  satisfactory.  It  is  certain  that  the 
amount  of  compression  under  loading  in  a  vessel  such 
as  is  used  in  the  standard  bearing  value  test  which 
does  not  permit  of  a  free  displacement  in  all  directions 
will  not  give  results  at  all  indicative  of  the  behavior  of 
the  same  material  in  its  natural  place. 

The  only  way,  then,  to  secure  the  solution  of  the 
various  problems  involved  in  this  study  was  by  a  care- 
ful study  of  the  cross  sections  showing  the  fill  shape  and 
the  peat  layerings  in  the  disturbed  position  after  filling. 
An  effort  was  made  to  reconstruct  the  position  of  the 
layering  as  it  originally  existed  from  the  position  of 
the  layers  outside  the  distorted  area  of  the  cross  section. 
A  study  of  the  fill  cross  section  and  the  distortion  of 
the  original  layers  as  reconstructed  led  to  the  con- 
clusions drawn  from  these  effects. 

The  various  factors  which  it  was  thought  should 
determine  the  amount  of  settlement  were  depth  and 
character  of  peat  layering,  height  of  the  water  table, 
slope  of  the  mineral  subsoil  beneath  the  peat,  height 
and  width  of  fill.  The  weight  and  character  of  the 
fill  material  would  also  be  a  factor  but. the  difference 
in  weight  of  the  materials  studied  was  so  small  as  to  be 
neglected.  All  fills  in  this  investigation  were  earth  and 
varied  from  a  clay  to  sand.  No  rock  fills  were  studied. 
So  far  as  could  be  determined  the  character  of  the 
peat  layering  is  very  slightly  responsible  for  differences 
in  fill  settlement.  There  is,  to  be  sure,  a  decided  differ- 
ence between  the  top  layer  of  peat  a  foot  or  two  in 
depth  where  the  material  is  fairly  well  decomposed, 
but  this  is  due  more  to  a  smaller  water  content  than  in 
the  actual  character  of  the  material  itself.  The  lake 
clay  which  occurs  in  the  bottom  of  most  of  our  deeper 
peat  deposits  is  enough  different  in  character  to  make 
it  necessary  to  consider  its  effect  separately.  It  is 
also  probable  that  if  any  considerable  thickness  of 
pure  marl  with  a  heavy 'texture  were  encountered  it 
should  be  grouped  with  the  clay  or  given  separate 
treatment.  As  it  happened  in  this  investigation  no 
very  great  amounts  of  marl  were  found  except  as  they 
occurred  as  a  peat  admixture.  A  soft  soupy  marl 
should  probably  be  classed  as  peat  in  considering  its 
effect  on  fill  settlement.  The  preliminary  work  of 
sounding  a  peat  bog  preparatory  to  estimating  fill 
settlement  is  thus  considerably  simplified  for  the 
engineer,  as  where  a  uniform  marl  is  absent,  only  two 
layers,  'the  peat  and  lake  clay,  need  be  considered. 
No  differentiation  of  peat  layering  is  necessary  for 
estimating  fill  settlement. 

DEPTH  OF  PEAT  AND  LAKE  CLAY  THE  MOST  IMPORTANT  FACTORS 

If  there  were  any  great  variation  in  the  height  of  the 
water  table  compared  to  the  depth  of  the  deposit,  this 
factor  should  certainly  show  its  effect.  It  so  happened 
that  the  road  ditches  were  about  the  same  depth 
through  all  of  the  shallow  peat  deposits  studied  and  in 
tire  deposits  of  greater  depth  the  depth  of  the  ditch 
wras  very  small  in  comparison  to  the  total  depth  of  the 
peat.  The  water  table  in  most  cases  varied  from  1  to 
3  feet  below  the  fill  surface.  The  varying  height  of 
water  table,  which  was  to  a  certain  extent  dependent 
on  the  time  of  year  as  well  as  on  the  particular  situation 
of  the  cross  section,  was  not  taken  into  account.  Some 
inconsistencies  in  the  shallower  depths  are  probably  due 
to  the  neglect  of  this  factor. 
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The  height  of  the  fill  above  marsh  surface  is  of  course 
a  factor,  although  not  so  great  a  one  in  the  case  of 
loading  over  a  wide  area  as  one  would  expect,  In  peat 
depths  of  less  than  10  feet  the  settlement  is  small  and 
is  affected  by  factors  other  than  height  of  fill  and 
results  are  inconsistent.  The  height  of  fill  produces  a 
marked  effect  in  medium  depths  of  peat  of  from  10  to 
25  feet.  In  depths  beyond  25  feet  the  total  depth  of 
fill  is  so  great  in  proportion  to  the  height  above  marsh 
surface  that  the  amount  of  this  additional  loading  is 
not  important.  The  above  refers  to  completed  fills 
studied  and  not  to  new  construction  methods  in  which 
the  height  of  fill  placed  in  the  early  stages  is  of  consid- 
erable importance. 

The  slope  of  the  mineral  subsoil  produces  a  marked 
effect  on  settlement  and  the  bottom  of  the  fill  nearly 
always  takes  the  same  direction  of  slope  as  the  marsh 
bottom.  This  is  due  to  two  reasons;  first,  the  flow  of 
peat  beneath  the  fill  is  aided  by  gravity,  and,  second, 
the  greater  depth  of  peat  down  slope  induces  greater 
settlement.  Most  of  the  inconsistencies  in  amount  of 
settlement  from  the  determined  normal  occur  above 
sharp  slopes  in  the  mineral  subsoil.  The  amounts 
varied  so  much,  however,  that  no  general  law  could  be 
observed.  It  is  safe  to  say  that  in  general  if  the  mineral 
subsoil  does  slope  quite  sharply,  the  normal  amount  of 
settlement  will  be  increased. 

One  very  important  factor  met  in  special  cases  is  the 
effect  on  fill  settlement  of  the  peat  compression  by 
neighboring  fills.  The  compressed  peat  is  much  more 
resistant  to  flow  than  is  the  uncompressed  peat,  and 
hence  flow  on  the  side  adjacent  to  an  old  fill  is  very 
much  smaller  than  on  the  free  side. 

The  factors  of  greatest  importance  and  the  ones  least 
difficult  of  determination  are  simply  the  depth  of  the 
peat  layer  and  the  depth  of  the  lake  clay  beneath  it. 
Other  factors  undoubtedly  have  their  influence  but  the 
depths  alone,  so  far  as  could  be  determined  from  the 
information  available,  directly  determine  the  amount 
of  settlement  which  will  occur.  No  other  factors 
operated  with  the  consistency  or  effect  of  these. 

Let  us  consider  what  happens  when  a  fill  is  placed 
over  a  peat  deposit.  The  top  crust  is  first  subjected  to 
compression  beneath  the  interior  of  the  fill  and  to 
shear  and  tension  at  the  edge.  The  communication  of 
this  compression  to  the  interior  of  the  peat  is  opposed 
by  the  resistance  to  flow  of  the  peat  or  its  internal 
friction.  On  account  of  the  irlertia  of  the  peat  particles, 
water  is  squeezed  out  of  the  material  nearest  the  fill 
and  the  material  is  compacted,  and  this  process  extends 
with  continually  decreasing  effect  as  distance  from  the 
fill  increases  until  at  some  distance  the  peat  is  practi- 
cally undisturbed. 

Lateral  flow  of  peat  begins  at  an  early  stage  in  the 
placing  of  a  fill  and  is  due  to  the  horizontal  component 
of  pressure  due  to  the  internal  friction  of  the  material 
and  also  to  the  inclined  position  of  the  settling  load. 
Peat  is  forced  outward  and  upward,  until  in  the  course 
of  time  a  condition  of  equilibrium  is  reached. 

It  is  easily  understood,  then,  that  the  width  of  fill 
is  a  function  of  the  amount  of  settlement  which  takes 
place.  The  fills  in  this  investigation  do  not  vary 
greatly  in  width,  viz,  from  24  to  30  feet,  and  so  no 
account  is  taken  of  this  factor.  It  is  important, 
however,  in  considering  the  cause  of  the  greater  settle- 
ment in  deeper  deposits. 

When  deposits  are  relatively  deep  in  proportion  to 
their  width,  considerable  vertical  movement  can  take 


place  before  any  marked  reaction  is  experienced  from 
the  mineral  subsoil  below.  In  this  case,  lateral  How 
is  comparatively  small  at  first  and  a  large  amount  of 
settlement  is  possible  before  there  is  much  resistance; 
the  elastic  crust  ruptures  in  tension  and  shear  and  the 
whole  weight  of  the  fill  is  suddenly  thrown  on  the 
soft  material  below.  This  sudden  application  of 
weight  very  quickly  compacts  the  peat  below  to  a 
degree  at  which  lateral  flow  begins  in  a  considerable 
amount  and  we  have  a  "sink  hole."  A  portion  of  the 
peat  flowing  from  beneath  the  load  of  earth  is  forced 
up  at  the  sides.  Due  to  the  lighter  weight  of  the  peat 
as   compared  to   the  fill  material,    a   correspondingly 
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larger  amount  of  peat  must  be  raised  to  balance  the 
heavier  fill.  Subsequent  loading  increases  this  heaving 
until  the  weight  of  the  heaved  peat  brings  about  a 
condition  of  equilibrium. 

SLOPE   OF  SOIL   BENEATH   PEAT   BED   AFFECTS  FILL  SHAPE 

In  the  later  stages  of  fill  settlement  the  rate  of  settle- 
ment is  very  slow,  but  even  a  rate  of  a  foot  a  year  is 
decidedly  objectionable.  The  rate  progressively  de- 
creases until  finally,  after  a  long  time,  equilibrium  i- 
established.  The  length  of  time  required  to  reach  a 
stable  condition  in  some  cases  is  known  to  have  been 
more  than  five  years.  We  have  arbitrarily  established 
the  rate  of  five-hundredths  of  a  foot  in  30  days  as  being 
the  rate  of  settlement  at  which  filling  may  be  stopped. 
Since  the  rate  will  usually  decrease  progressively, 
this  should  give  a  settlement  of  less  than  6  inches  per 
year. 

Unfortunately,  at  times,  if  the  early  settlement  is 
not  rapid,  some  later  cause  may  accelerate  the  rate  of 
settlement.  Fills  completed  in  the  fall  under  earlier 
methods  were  quite  apt  to  settle  rapidly  the  following 
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spring.  The  vibration  of  traffic  also  tends  to  increase 
the  rate  of  settlement  after  a  road  is  first  opened. 
Large  ditches  cut  along  an  old  road  are  quite  apt  to 
start  considerable  settlement.  As  a  matter  of  fact, 
unless  settlement  during  filling  has  been  accelerated 
in  order  to  insure  its  completeness,  some  subsidence 
is  almost  sure  to  take  place  later. 

A  number  of  cross  sections  illustrating  the  various 
shapes  taken  by  fills  under  different  conditions  are 
shown.  Figure  1  shows  a  fill  of  normal  cross  section 
in  a  peat  marsh  about  22  feet  deep  from  surface  to 
clay.  The  theoretical  shape  of  fill  is  shown  by  the 
dashed  line  and  is  obtained  by  a  method  described  later. 
This  deposit  is  of  nearly  equal  depth  on  both  sides  of  the 
fill  and   therefore  the  shape  of  fill  is  quite  regular. 

Figure  2  shows  a  fill  which  is  partly  on  upland  soil 
and  partly  over  peat  marsh.  It  will  be  noticed  that 
the  mineral  subsoil  slopes  sharply  toward  the  peat 
deposit  and  for  this  reason  the  proportion  of  the  fill 
beneath  the  surface  of  the  peat  is  considerably  increased 
above  that  shown  on  the  normal  cross  section.  It 
will  also  be  noticed  that  on  account  of  the  flow  of  the 
material  only  a  very  small  amount  of  the  peat  remains 
under  the  fill,  and  that  the  layers  to  the  right  of  the 
fill  are  considerably  thickened  by  reason  of  their  flow 
from  beneath  the  fill  and  subsequent  expansion  due 
to  the  decrease  of  pressure. 

Figure  3  shows  a  fill  which  is  still  settling  into  the 
peat  marsh  at  a  rapid  rate.  The  slope  of  the  bottom 
of  the  fill  is  quite  noticeably  parallel  to  the  slope  of  the 
mineral  subsoil  beneath  the  light  clay  and  most  of  the 
distortion  of  the  peat  layers  has  occurred  on  the  low 
side  of  this  mineral  subsoil.  It  is  quite  evident  that 
even  with  this  considerable  depth  of  peat  beneath  the 
fill,  pressure  is  communicated  throughout  the  entire 
mass. 

The  effect  of  the  slope  of  the  mineral  subsoil  upon 
the  direction  of  pressure  is  still  more  marked  in  Figure 
4,  where  it  will  be  noticed  that,  except  immediately 
adjacent  to  the  fill,  practically  all  of  the  disturbance  of 
the  peat  has  taken  place  to  the  left  of  the  center  line, 
indicating  that  flow  has  largely  occurred  in  this  direc- 
tion. 

Figure  5  shows  a  fill  which  was  placed  adjacent  to  a 
railroad  fill  at  the  right,  but  not  shown  in  the  figure. 
In  this  instance  it  will  be  noted  that  the  compacted 
peat  to  the  right  of  the  center  line  reduced  the  amount 
of  fill  necessary  in  a  material  manner.  A  very  con- 
siderable amount  of  distortion  of  the  layers  is  shown 
on  the  left  of  the  figure.  In  this  instance  the  peat  is 
heaved  above  the  normal  level  of  the  marsh  some  10  or 
12  feet  and  slopes  away  from  the  crest  of  the  heaved 
material  in  a  fairly  uniform  manner. 

Figure  6  shows  the  deepest  cross  section  encountered 
in  this  investigation,  a  fill  with  a  depth  of  about  66 
feet.  The  marsh,  over  which  this  fill  was  made,  lies 
between  two  fairly  large  lakes,  which  are  at  present 
connected  by  a  small  stream.  It  is  quite  evident  that 
the  location  of  the  highway  in  this  particular  instance 
was  very  unfortunate  in  that  the  center  line  of  the 
highway  at  the  cross  section  shown  is  practically  on 
the  center  line  of  the  old  glacial  drainage  channel  be- 
tween the  lakes  in  the  early  stage  of  their  formation. 
A  location  of  center  line  30  feet  to  the  right  of  its  pres- 
ent location,  which  would  have  been  possible,  would 
have  eliminated  about  25  feet  of  fill.  The  entire 
amount  of  the  lake  clay  which  probably  nearly  filled 
the  old  channel,  has  been  forced  to  one  side  by  the  load 


of  fill  above  it.  The  irregular  shape  of  the  cross  sec- 
tion on  the  right  is  probably  due  to  filling  a  hole  left 
by  the  peat  heaving  8  or  10  feet  at  the  side  during 
construction. 

METHOD     OF     PREDICTING     FILL     SETTLEMENT     AND      SHAPE 
DEVELOPED 

From  the  whole  series  of  cross  sections  of  the  char- 
acter of  those  illustrated,  most  of  which,  however,  are 
considerably  more  regular,  diagrams  giving  the  amount 
of  settlement  and  shape  of  fill  have  been  prepared. 
Depths  of  peat  and  marl  on  center  line  of  fill  were 


OARK  BROWN  FIBROUS 

MACERATED  PEAT  WITH 

SED1MENTRY  ADMIXTURE 

DARK  BROWN  FINELY 


DARK  GREEN  SEDIMENTARY  PEAT 
AND  MARL  WITH  STREAKS  OF  DARK 
6REEN  COLLOIDAL  MATERIAL 


Fig.  3. — Shape  of  Fill  in  Peat  Considerably  Affected  by 
Slope  of  Mineral  Soil  at  Bottom  of  Peat  Bed 
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Fig.  4. — Distortion  of  Peat  Fill  to  the  Left  Due  to  Slope 
of  Firm  Soil  Beneath  Peat  Bed 

platted  against  the  total  depth  to  which  the  fill  pene- 
trated the  peat  and  marl  as  measured  from  the  original 
marsh  surface.  Three  curves  were  then  drawn,  one 
representing  the  average  of  fills  with  a  height  above 
marsh  level  of  1  to  3  feet,  one  for  3  to  4  foot  fills,  and 
the  third  for  fills  from  4  to  5  feet  in  height.  These 
three  curves,  shown  in  Figure  7,  indicate  that  the 
amount  of  settlement  increases  uniformly  but  is  not 
great  up  to  a  marsh  depth  of  20  feet.  As  the  marsh 
depth  increases  from  20  to  26.5  feet  the  settlement  in- 
creases rapidly  and  when  the  depth  exceeds  26.5  feet 
the  fill  goes  completely  through  the  peat  in  every  in- 
stance, so  that  the  penetration  is  equal  to  the  depth 
and  the  three  curves  become  common  and  make  a 
straight  line  with  a  slope  of  45°.  Therefore,  for  peat 
and  marl  depths  of  less  than  26.5  feet  the  depth  of 
lake  clay  need  not  be  taken  into  account,  except  as  a 
factor  should  settlement  be  different  from  the  average, 
and  anticipated  settlement  is  read  directly  from  the 
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diagram.  For  depths  of  peat  and  marl  over  26.5  feet 
the  settlement  will  probably  be  the  full  depth  of  the 
deposit  plus  some  penetration  into  the  lake  clay.  The 
amount  of  penetration  into  the  latter  material  is  read 
directly  from  the  curve  marked  lake  clay,  which  has 
been  plotted,  using  the  combined  depth  of  peat  and 
clay  as  abscissas. 

Suppose  we  have  a  peat  marsh  consisting  of  30  feet  of 
peat  and  marl  and  5  feet  of  lake  clay.  The  peat  curve 
gives  us  complete  penetration  of  the  full  30  feet  of  peat 
and  from  the  35  feet  total  depth  of  the  marsh  deposit  we 
read  off  from  the  clay  curve  2  feet  for  clay  penetration. 
There  will  then  be  a  distance  from  bottom  of  fill  to  marsh 
surface  of  32  feet.  Again,  if  we  had  a  peat  deposit  consist- 
ing of  38  feet  of  peat  and  2  feet  of  lake  clay  we  should 
get  38  feet  of  peat  penetration  plus  4  feet  of  clay  pene- 
tration. The  total,  42  feet,  exceeds  our  total  depth  of 
deposit  and  the  fill  therefore  stops  at  the  marsh  bottom 
with  a  40-foot  penetration.  This  last  case  is  not  com- 
mon except  in  tide  very  deep  deposits,  of  50  feet  or  more. 
It  will  usually  be  found  that  in  marshes  of  such  extreme 
depth  with  ordinary  proportions  of  peat  and  lake  clay, 
the  fill  goes  to  the  very  bottom. 

No  claim  of  scientific  reason  is  made  for  the  shape  of 
the  curves  shown  in  Figure  7.  They  are  purely  empir- 
ical and  represent  merely  the  average  behavior  of  a  con- 
siderable number  of  fills.  Extreme  variations  of  actual 
from  expected  settlements  as  derived  by  this  method 
have  been  found  to  be  as  much  as  100  per  cent  for  an 
indicated  settlement  of  5  feet,  60  per  cent  for  10  feet,  30 
per  cent  for  20  feet,  20  per  cent  for  25  feet,  10  per  cent 
for  30  feet,  and  less  for  greater  amounts.  Generally 
accuracy  of  the  method  is  well  within  these  limits. 

The  method  of  estimating  fill  quantities  is  illustrated 
by  Figure  8.     The  typical  shape  shown  was  arrived  at 
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Fig.  5. — A  Fill  Adjacent  to  a  Railroad  Fill  at  the  Right 
But  Not  Shown.  Compacted  Peat  on  the  Right  Side 
Reduced  the  Amount  of  Fill  Considerably 
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Fig.  6. — An  Unusually  Deep  Fill.  Soundings  Would  Have 
Indicated  This  Condition  and  Permitted  More  Advan- 
tageous Location 


by  drawing  on  cross-section  paper  all  cross  sections  of 
equal  depth,  superimposed  on  each  other,  with  the 
marsh  level  as  a  base  line,  and  then  fitting  an  average 
shape  to  them.  A  side  slope  of  embankment  above 
marsh  level  of  1  to  3  feet  was  used,  since  most  of  the 
fills  studied  had  this  slope.  The  fills  quite  generally 
slope  inward  from  the  outermost  point  of  the  embank- 
ment to  a  point  directly  beneath  the  shoulder  line. 
The  total  area  of  fill  is  composed  of  two  trapezoids  and 
can  be  calculated  by  the  following  formula,  the  sym- 
bols representing  distances  as  indicated  in  Figure  8. 

Area=(iy+3F)  (F+H) 
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7. — Diagram  Giving  Probable  Depth  op  Penetration 
of  Fills  in  Peat  Marshes 


In  each  case  H  must  be  determined  by  use  of  the 
curves  shown  in  Figure  7.  In  Figure  8  the  bottom  of 
the  predicted  shape  of  fill  is  shown  as  a  horizontal  line 
and  this  was  very  nearly  the  case  in  most  instances,  the 
center  of  fill  being  only  slightly  lower  than  the  outside. 
The  depth  of  penetration,  as  indicated  by  Figure  7, 
takes  account  of  these  variations  and  gives  the  average 
depth  to  the  bottom  of  the  fill. 

FILL  SETTLEMENT  SHOULD  BE  ACCELERATED 

It  may  be  surprising  to  note  that  the  slope  of  the  fill 
sides  beneath  the  surface  of  the  peat  is  toward  the 
center  of  the  road,  but,  with  a  little  consideration,  the 
reason  for  this  is  quite  apparent.  In  the  first  place,  the 
fill  load  as  placed  varies  from  zero  at  the  toe  of  slope  to 
its  maximum  at  the  shoulder  line,  and  hence  should  pro- 
duce a  fill  shape  corresponding  to  this  loading.  Also, 
in  a  good  many  instances  the  fill  has  been  carried  across 
the  marsh  at  less  than  full  width  while  heavy  settlement 
was  taking  place,  and  this  produced  a  narrower  fill  at 
the  bottom.  Undoubtedly  the  drag  of  the  compacted 
peat  at  the  side  also  tends  to  narrow  the  fill  width  as  it 
sinks.  This  is  indicated  by  the  fact  that  the  center  is 
quite  generally  lower  than  the  rest  of  the  cross  section. 

One  of  the  striking  features  of  this  investigation  was 
the  irregularity  shown  in  the  topography  of  the  marsh 
bottoms.  In  a  number  of  instances  a  slight  shift  in  line 
would  have  saved  thousands  of  yards  of  earth  in  filling. 
It  is  therefore  necessary  when  the  location  of  the  road 
requires  the  crossing  of  a  peat  marsh  to  map  the  topo- 
graphical features  of  the  marsh  bottom  quite  accurately. 
This  is  more  important  than  on  upland  soil  because 
visual  inspection  of  the  proper  location  can  not  be  made 
but  must  be  determined  by  the  topographical  infor- 
mation secured  from  sounding. 
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In  places  where  there  is  any  considerable  depth  of 
peat  it  is  highly  necessary  that  settlement  during  filling 
be  encouraged  in  every  way  possible.  This  settlement 
is  bound  to  take  place  sooner  or  later,  and  it  is  impor- 
tant that  it  be  practically  complete  before  any  rigid 
surfacing  is  placed.  Construction  of  brush  mats  to  float 
the  fill  is  not  advisable  in  the  case  of  highway  work 
where  hard-surface  pavement  is  to  be  placed.  These 
mats  only  delay  settlement  and  do  not  stop  it.     This 


Fig.  8. — Diagram  Illustrating  Typical  Shape  of  Peat  Fills 
for  Use  in  Estimating  Earthwork  Quantities 

is  contrary  to  the  practice  of  some  railroads,  but  in 
railroad  work  it  is  a  simple  matter  to  add  ballast  and 
bring  the  track  back  to  grade  as  settlement  progresses 
without  interrupting  traffic.  In  case  of  any  consid- 
erable settlement  on  a  hard-surfaced  highway,  the  sub- 
grade  must  be  refilled  and  a  new  surface  placed.  This 
always  involves  more  or  less  interruption  to  traffic 
besides  the  greater  expense  of  placing  the  new  surface. 
The  length  of  the  bog  should  be  considered  in  choos- 
ing a  method  of  filling.  Settlement  over  short  bogs, 
even  in  small  amounts,  is  much  more  objectionable 
than  on  longer  stretches  because  of  the  sharper  deflec- 
tion of  the  settled  surface,  and  the  liability  to  offsetting 
of  the  pavement  slabs.  A  long  gradual  settlement  of 
considerably  greater  amounts  is  not  so  noticeable  either 
to  the  eye  or  in  the  riding  qualities  of  the  pavement. 
Of  course,  settlement  over  either  long  or  short  bogs  is 
objectionable  if  the  amount  is  great  enough  to  interfere 
with  the  drainage.  Settlement  sufficient  to  cause 
trouble  on  this  account  is  not  likely  to  occur  in  marshes 
of  less  than  6  feet  in  depth. 


and  the  24-inch  height  of  fill  above  the  original  marsh 
will  usually  absorb  this  settlement  without  bringing 
the  top  of  fill  too  close  to  the  marsh  surface. 

Method  No.  2  is  used  in  drained  peat  marshes  up  to 
6  feet  in  depth  and  over  300  feet  in  width.  It  is  similar 
to  method  No.  1  except  that  the  marsh  drainage  ditch 
goes  entirely  through  the  peat  deposit.  The  ditch  is 
excavated  prior  to  the  placing  of  the  fill.  This  type  of 
construction  results  in  a  much  drier  subgrade,  and  the 
lowered  water  table  helps  to  prevent  considerable 
settlement.  This  scheme  should  be  used  where  con- 
ditions of  the  marsh  drainage  system  require  the  use  of 
ditches  of  considerable  size. 

Where  bogs  are  less  than  300  feet  in  width,  and  not 
more  than  6  feet  in  depth,  and  even  small  settlement 
is  undesirable,  method  No.  3  is  used.  This  method 
requires  that  ari  the  peat  to  a  width  4  feet  greater 
than  the  proposed  pavement  slab  be  excavated  to 
marsh  bottom,  and  the  excavation  filled  with  good 
earth.  This  method  is  not  so  expensive  as  it  would 
seem,  because  the  peat  is  very  easy  to  move  and  can 
usually  be  disposed  of  with  a  very  short  haul.  Peat 
excavation  of  this  type  is  not  practical  for  depths 
greater  than  6  to  8  feet  on  account  of  the  large  amounts 
of  peat  which  slide  into  the  hole  from  the  sides. 

The  above  methods  are  not  suitable  for  bogs  much 
in  excess  of  6  feet  in  depth.  In  the  deeper  deposits 
settlement  is  almost  sure  to  take  place  and  should  be 
aided  while  the  fill  is  being  placed.  Method  No.  4  in 
Figure  10  illustrates  a  Michigan  practice  in  deposits 
over  6  and  less  than  20  feet  in  depth.  In  the  first 
stages,  two  narrow  fills,  spaced  16  feet  on  centers,  are 
carried  across  the  marsh. 
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STANDARD    METHODS    OF   FILLING   DEVELOPED 

Figures  9  and  10  illustrate  methods  of  filling  over 
peat  bogs  now  standard  with  the  Michigan  State 
Highway  Department,  one  or  another  of  which  is  used 
depending  upon  the  length  and  depth  of  the  bog  to  be 
crossed.  Method  No.  1  simply  consists  of  placing  the 
fill  on  the  peat  surface  and  is  used  where  the  marsh  is 
less  than  6  feet  deep,  more  than  300  feet  wide  and 
undrained.  The  bog  is  long  enough  so  that,  if  settle- 
ment should  take  place,  it  would  be  rather  gradual, 
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The  supporting  power  of  the  peat  crust  is  destroyed 
by  blasting  on  the  center  line  of  each  of  the  fills.  The 
trenches  thus  made  are  backfilled  with  earth  in  4-foot 
lifts  and  carried  simultaneously  across  the  marsh, 
trapping  a  certain  amount  of  peat  between  the  two 
fills.  When  the  first  two  lines  of  embankment  are 
complete  and  settlement  has  slowed  up  to  a  consider- 
able extent,  charges  of  dynamite  are  placed  in  the  peat 
on  4-foot  centers,  from  2  to  3  feet  below  the  bottom 
and  on  the  center  line  of  each  embankment,  and 
exploded.  This  second  blasting  drives  the  peat  from 
beneath  the  wedges  of  earth  and  induces  further 
rapid  settlement.  After  refilling  the  settlement  caused 
by  the  shooting,  the  second  loading  of  earth  is  added 
in  a  4-foot  lift  on  the  center  line  of  the  road.  This 
second  loading  helps  drive  the  wedges  of  earth  still 
farther  into  the  peat  and  insures  a  maximum  com- 
paction in  the  center  so  as  to  eliminate  the  possibility 
of  center  settlement  resulting  from  the  method  used 
in  the  first  loading.  This  loading  is  maintained  by 
refilling  the  settlement  until  the  rate  of  settlement  is  less 
than  five-hundred ths  of  1  foot  in  30  days.  The 
excess  earth  is  then  spread  to  form  the  complete 
embankment. 

Bogs  from  6  to  20  feet  in  depth  usually  give  more 
trouble  than  any  others,  because  they  rarely  settle 
rapidly,  unless  excessively  loaded,  and  surfaces  are 
laid  on  fills  long  before  complete  settlement  has  been 
attained.  It  is  much  more  difficult,  in  bogs  of  these 
depths,  to  secure  complete  settlement  due  to  the 
early  resistance  of  the  peat  to  compaction;  and  it  is 
for  this  reason  that  the  two  narrow  wedges  of  earth 
are  used,  the  effort  being  to  secure  as  deep  a  pene- 
tration as  possible.  The  final  loading  under  this 
scheme  gives  a  static  load  which  is  nearly  twice  the 
normal  load,  and  it  is  felt  that  little  danger  of  further 
serious  settlement  need  be  feared.  To  insure  the 
acceleration  of  settlement,  it  is  required  to  maintain 
the  grade  to  within  1  foot  of  the  designed  elevation 
at  all  times. 

In  long  marshes,  in  order  to  avoid  long  backing  by 
trucks  in  end  dumping,  provision  is  made  for  shooting 
part  of  the  fill  at  a  time.  It  is  believed,  however, 
that  at  least  a  hundred  feet  of  fill  should  be  held  for 
settling  at  all  times  before  any  shooting  is  done. 

For  depths  of  peat  over  20  feet,  the  center  loading 
is  used  at  once  after  the  surface  of  the  peat  has  been 
broken  up  by  dynamite.  A  fill  12  feet  wide  at  the 
top  and  4  feet  high  is  carried  across  on  the  center  line. 
This  fill  is  maintained  at  grade  as  nearly  as  possible 
until  it  is  entirely  across  the  space  over  which  this 
method  is  to  be  used.  As  soon  as  it  can  be  main- 
tained at  grade  entirely  across  the  marsh,  a  second 
4-foot  lift  is  made  without  any  preliminary  shooting. 
It  is  felt  that  with  a  fill  width  of  this  amount,  dynamite 
would  not  displace  the  peat  sufficiently  to  justify  its 
use.  In  addition  to  this,  the  greater  depth  of  the 
marsh  makes  settlement  so  much  easier  that  the  load- 
ing alone  produces  sufficient  settlement.  Alter  the 
settlement  has  slowed  down  to  a  rate  of  five-hundredths 
of  1  foot  in  30  days,  the  fill  is  unloaded  and  the  excess 
material  spread  to  form  the  remainder  oi  the  cross 
section.  The  compressed  peat  on  both  sides  ot  the 
narrow  fill  will  usually  support  the  additional  width 
with  little  settlement.  ,  . 

Any  combinations  of  these  methods  may  be  used  m 
crossing  peat  marshes  of  considerable  length,  suiting 
the  method  to  the  depth  and  width.    The  first  require- 


ment in  all  marsh  filling  where  pavement  is  to  be 
placed  is  to  insure  settlement,  and  not  attempt  to 
avoid  it.  Unless  the  fill  has  become  stabilized,  this 
settlement  may  occur  over  long  periods  and  the  former 
practice  of  attempting  to  "sneak  across"  with  light 
loadings  has  been  responsible  for  a  great  deal  of  main- 
tenance expense  in  locations  of  this  character.  The 
proper  time  to  take  care  of  this  settlement  is  during 
construction,  as  it  is  extremely  difficult  to  maintain 
in  a  satisfactory  way  a  surface  which  is  continually 
settling.  _  j 
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jrIG    jo. — Standard  Methods  of  Michkjw  State   Highway 
Department  for  Filling  Over  Peat  Bogs 

FILL  CONSTRUCTION  SHOULD  PRECEDE  BRIDGE  CONSTRUCTION 

If  any  bridges  are  to  be  placed  over  streams  through 
deep  peat  deposits,  the  approaches  should  always  be 
completed  first.  Filling  should  continue  toward  the 
center  of  the  stream  so  that  excavation  for  lootings 
will  occur  in  the  filled  earth.  In  some  cases,  where 
streams  are  small,  it  will  be  found  advisable  to  carry 
this  filling  completely  across  the  old  stream  bed.  the 
expense  of  later  cleaning  out  the  earth  above  stream 
bottom  and  taking  care  of  the  stream  now  during 
filling  is  money  well  spent.  _ 

The  above  may  seem  ridiculously  obvious  to  many 
engineers,  but  the  frequency  with  which  bridge  iailures 
have  occurred  during  the  past  because  of  ignorance  oi 
the  troubles  which  may  arise  through  neglect  ot  this 
item  justifies  it.  When  a  bridge  rests  on  piling  with 
lengths  of  over  10  feet  penetrating  soft  peat  betore 

(Continued  on  page  247) 


DETERMINATION  OF  CONSISTENCY  OF  SOILS  BY  MEANS 

OF  PENETRATION  TESTS 

Reported  by  Dr.  CHARLES  TERZAGHI,  Massachusetts  Institute  of  Technology,  Research  Consultant  to  the  Bureau  of  Public  Roads 


WHEN  walking  over  the  ground,  one's  foot  may 
either  sink  into  the  ground  to  a  depth  of  more 
than  an  inch,  the  soil  being  squeezed  out  later- 
ally under  pressure  or  the  foot  may  leave  hardly 
any  impression  with  many  intermediate  possibilities. 
Judging  from  the  effect  of  the  pressure  exerted  by  the 
foot,  we  say,  that  one  soil  is  less  consistent  than  the 
other. 

The  effect  of  the  pressure  exerted  by  the  foot  is  ob- 
viously connected  with  what  is  known  as  the  bearing 
capacity  of  the  soil.  Since,  in  addition,  it  is  connected 
with  what  is  commonly  called  the  consistency,  both 
engineers  and  geologists  have  attempted  to  establish 
some  scale  for  expressing  the  consistency  of  soils  for 
practical  purposes.  The  basic  idea  is  this:  First  to 
devise  some  simple  standard  test,  whose  outcome  de- 
pends on  the  consistency  of  the  material  and  then  to 
correlate  the  consistency  coefficient  obtained  by  means 
of  such  a  standard  consistency  test  with  the  bearing 
capacity  of  the  soil.  This  plan  seemed  to  be  partic- 
ularly promising  in  all  those  cases,  where  the  penetra- 
tion of  the  loaded  area  is  due  merely  to  a  lateral  flow  of 
the  soil — e.  g.,  penetration  of  a  loaded  area  into  soft 
fat  clay. 

The  possibility  of  expressing  the  bearing  properties 
of  a  soil  by  a  consistency  coefficient  would  certainly  rep- 
resent an  ideal  solution  of  an  important  problem.  The 
purpose  of  this  paper  is  to  discuss  related  attempts 
and  their  chances  for  success. 

1ERMS   DEFINED 

The  term  consistency  is  by  no  means  physically  as 
clearly  defined  as  are  the  terms  viscosity  or  hardness. 
As  it  is  commonly  used,  the  term  consistency  means  the 
resistance  of  a  material  to  flow,  yet  resistance  to  flow 
is  in  itself  a  rather  complex  property.  Suppose  we 
have  a  mass  of  paraffin  and  a  mass  of  soft  clay,  both 
with  a  plane,  horizontal  upper  surface.  Then  we 
select  a  weight,  which,  if  placed  on  top  of  the  clay,  is 
heavy  enough  to  produce  a  marked  impression  with- 
out completely  sinking  into  the  material.  If  we  take 
another  weight,  exactly  alike  and  put  it  on  the  surface 
of  the  paraffin,  we  will  notice  that  the  impression  pro- 
duced by  the  weight  is  far  less  significant.  Yet,  if  we 
observe  the  two  weights  during  a  sufficiently  long 
period,  we  will  notice  that  the  speed  with  which  the 
weight  penetrates  the  clay  rapidly  decreases  and  after 
a  certain  time  its  downward  movement  stops  com- 
pletely. If  the  weight  is  carefully  removed  and  again 
applied,  the  increase  in  penetration  will  be  exceed- 
ingly small.  On  the  other  hand  the  speed  with  which 
the  weight  penetrates  the  paraffin  remains  fairly  con- 
stant, although  it  is  very  small,  even  at  the  beginning. 
As  a  consequence,  after  a  certain  length  of  time  the 
penetration  of  the  weight  into  the  paraffin  may  con- 
siderably exceed  the  penetration  produced  in  the  clay, 
although  the  initial  penetration  was  very  much  smaller. 
If  the  weight  is  removed  and  again  applied,  the  pene- 
tration will  continue  to  increase  about  at  the  same  rate 
as  it  did  at  the  beginning  of  the  process.  The  question 
arises:  Which  one  of  these  two  materials  is  the  more 
consistent? 
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After  a  short  period  of  time,  the  depth  of  penetration 
in  paraffin  will  be  very  much  smaller  than  in  clay. 
After  a  sufficiently  long  period  the  opposite  will  be  true. 
In  order  to  understand  this  apparent  contradiction,  we 
must  consider  the  following  facts:  The  speed  with 
which  the  weight  penetrates  the  material  depends  on 
viscosity,  a  property  common  to  both  solids  and  liquids. 
If  a  material  has  only  viscosity,  it  has  no  static  bearing 
capacity,  though  in  every  other  respect  it  may  exhibit 
all  the  properties  of  a  solid  body — e.  g.,  sealing  wax  or 
paraffin.  It  flows  under  any  pressure,  although  it  may 
flow  very  slowly.  Certain  other  materials,  as,  for  ex- 
ample, soft  clay,  have,  compared  with  sealing  wax,  a 
rather  low  viscosity,  which  means  that  the  soft  clay  is 
very  much  morefluid  than  is  the  paraffin.  Yet  in  con- 
trast to  the  sealing  wax,  under  very  low  pressures  the 
clay  does  not  flow  at  all.  In  order  to  start  the  flow,  the 
pressure  must  exceed  a  certain  limiting  value,  known 
as  the  yield  point.  The  yield  point  represents  the  ulti- 
mate bearing  capacity  of  the  clay.  Although  the  soft 
clay  is  much  more  fluid  and  much  less  viscous  than  the 
paraffin,  yet  its  yield  point  is  very  much  higher.  For 
this  and  similar  reasons,  the  consistency  of  a  material 
can  not  possibly  be  expressed  by  a  single  figure.  It 
must  be  represented  by  a  graph. 

However,  when  dealing  with  subgrades  we  are  merely 
interested  in  what  the  subgrade  can  stand  without  the 
deformation  going  on  indefinitely.  Hence,  if  we  use 
the  term  consistency  in  connection  with  foundation 
problems  at  all  we  should  confine  it  strictly  to  the  max- 
imum pressure  under  which  the  material  is  still  apt  to 
to  come  to  equilibrium,  that  means  to  the  yield  point. 
This  statement  determined  the  fundamental  require- 
ment for  standard  consistency  tests  for  subgrade  or 
foundation  purposes.  The  figures  furnished  by  the 
tests  should  be  in  a  constant  and  well-defined  relation 
to  the  yield  point  of  the  material.  At  the  same  time  it 
should  be  kept  in  mind  that  such  figures  inform  us 
about  one  phase  only  of  what  the  physicists  call  the 
consistency.  The  other  phase  of  this  property,  viz, 
the  behavior  of  the  material  in  the  state  of  continuous 
flow,  under  a  pressure  above  the  yield  point,  may  be 
interesting  from  a  scientific  point  of  view,  but  it  has  no 
bearing  on  our  foundation  problems. 

It  is  obvious,  that  the  yield  point,  that  means  the 
maximum  pressure  per  unit  of  area  under  which  the 
material  is  still  apt  to  come  to  a  state  of  equilibrium, 
depends  on  its  state  of  confinement  and  on  the  way  in 
which  the  pressure  acts.  Thus,  for  instance,  the  yield 
point  of  a  thin  layer  of  soft  clay  inclosed  between  a 
hard  road  surface  and  a  more  consistent  under-ground 
is  very  much  higher  than  the  yield  point  of  the  same 
material  if  only  loaded  over  an  area  of  several  square 
inches  or  if  tested  in  an  unconfined  state.  Yet  these 
conditions  are  a  matter  of  detail  and  will  be  considered 
later.  The  essential  point  merely  resides  in  the  possibil- 
ity of  an  ultimate  state  of  equilibrium  under  a  locally 
applied  pressure  which,  in  the  case  of  sealing  wax  or 
paraffin,  does  not  exist. 

The  most  logical  procedure  for  rapidly  evaluating 
the  yield  point  of  a  material  seems  to  be  that  of  loading 
the  surface  of  the  material  with  a  cone  of  standard 
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weight.  The  deeper  the  cone  penetrates  into  the  ma- 
terial the  smaller  becomes  the  pressure  per  unit  of  sur- 
face of  contact  between  the  cone  and  the  material. 
Hence  the  depth  at  which  the  cone  refuses  to  penetrate 
farther  into  the  material  can  be  used  as  a  scale  for  ex- 
pressing the  resistance  of  the  material  to  penetration. 
Due  to  the  apparent  efficiency  of  the  procedure,  the 
idea  of  using  it  was  independently  conceived  by  inves- 
tigators working  in  different  parts  of  the  world;  by  the 
Swedish  Railroad  Commission  for  the  investigation  of 
earth-slides,  operating  during  the  years  1914-1922;  by 
the  writer  in  Constantinople  in  1923;  by  Dr.  E.  M. 
Kindle  in  Ottawa,  Canada  (1925),  and  quite  recently 
by  the  committee  for  the  standardization  of  loading 
tests  of  the  Austrian  Society  of  Civil  Engineers. 

The  following  paragraphs  contain  a  brief  description 
of  some  of  the  experimental  facts  brought  out  by  these 
tests. 

TESTS   OF   THE   SWEDISH   RAILROAD   COMMISSION  ' 

For  testing  the  consistency  of  drill  samples  the 
Swedish  Railroad  Commission  used  cones  with  weights 
of  60  and  100  grams  and  with  vertex  angles  of  60°. 
In  addition  to  this,  systematic  investigations  were 
carried  out  with  cones  having  weights  of  10,  30,  200, 
and  300  grams,  and  with  points  of  30°  and  90°.  The 
material  was  contained  in  a  soil  cup,  with  a  diameter 
of  6  centimeters.  Prior  to  the  test  a  cone  was  fixed 
in  such  a  position  that  the  point  just  touched  the  sur- 
face of  the  material.  The  cone  was  released  and  allowed 
to  freely  penetrate  the  material  and  the  measurement 
of  the  depth  of  penetration  was  made  as  soon  as  the 
cone  came  to  rest. 

The  depth  of  penetration  of  the  60-gram  (or  of  the 
100-gram)  cone  served  as  a  basis  for  computing  the 
consistency  factor  of  the  material.  The  consistency 
factor  is  the  weight  of  the  cone  required  for  producing 
a  standard  penetration  of  4  millimeters.  Determina- 
tion of  the  consistency  factor  was  made  by  means  of  a 
diagram  obtained  in  the  following  manner: 

Suppose  we  increase  the  water  content  of  a  sample 
of  clay  by  adding  water  to  it.  As  a  result  of  this 
procedure  both  the  softness  of  the  clay  and  the  depth 
of  penetration  of  a  cone  with  a  standard  weight  of  60 
grams  increases.  Then  let  us  plot  a  diagram,  wherein 
the  abscissas  represent  the  softness  of  the  clay  and  the 
ordinates  the  depth  of  penetration  of  cones.  If  we 
consider  the  depth  of  penetration  of  the  standard  cone 
with  a  weight  of  60  grams  as  a  scale  for  the  softness  of 
the  clay,  the  penetration  curve  of  the  standard  cone 
will  be  a  straight  line,  passing  through  the  origin  and 
bisecting  the  angle  between  the  two  axes.  In  order  to 
find  the  penetration  curves  for  cones  1,  2,  3,  etc.,  with 
a  weight  other  than  60  grams,  we  take  a  sample  with 
a  defined  water  content,  into  which  the  standard  cone 
penetrates  to  a  depth  of  say  *  millimeters,  determine 
the  depth  of  penetration  tu  t2,  h,  etc.,  of  the  other  cones, 
and  plot  all  the  values  thus  obtained  on  the  same 
ordinate  which  corresponds  to  the  depth  of  penetra- 
tion t  of  the  standard  cone.  By  repeating  the  same 
procedure  on  samples  into  which  the  standard  cone 
penetrates  to  a  depth  of  f,  t" ,  etc.,  we  obtain  a  series 
of  points,  tu  *,',  */',  etc.,  t2,  «,',  h",  etc.  These  points 
determine  the  penetration  curves  for  the  cones  1,  2,  3, 
etc.  From  this  graph  one  can  easily  derive  another 
one,  in  which  the  abscissas  represent  the  depth  oi 
penetration  of  the  standard  cone,  whereas  the  ordinates 

i  Statens  JSrnvagars  Geotekniska  Kommission  1914-1922,  Stockholm,  1922. 
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represent  the  weight  of  cone  required  to  produce  a 
standard  penetration  of  4  millimeters.  Since  it  was 
agreed  to  call  these  weights  consistency  factors,  the 
curves  thus  obtained  are  called  the  consistency  curves. 
By  means  of  the  consistency  curves,  the  consistency 
factor  of  any  sample  can  be  determined,  provided  the 
depth  of  penetration  of  the  standard  cone  is  known. 
Hence  the  reliability  of  the  procedure  depends  essen- 
tially on  the  reliability  of  the  consistency  curves. 

The  results  of  the  investigations,  which  obviously 
involved  a  very  considerable  amount  of  time  and  labor, 
disclosed  some  facts  which  seriously  affect  the  value  of 
the  method.  It  was  found  that  the  depth  of  penetra- 
tion of  the  standard  cone  into  the  undisturbed  material 
was  invariably  smaller  than  the  penetration  of  the  cone 
into  the  same  sample  after  the  sample  was  remoulded, 
the  water  content  and  the  density  of  the  sample 
remaining  unchanged.  This  means  that  the  consis- 
tency of  the  material  depends  not  only  on  the  water 
content,  but  also  on  the  history  of  the  sample.  Fur- 
thermore, the  ratio  between  the  consistency  factor  of 
the  undisturbed  and  the  disturbed  sample  was  found 
to  be  very  different  for  different  materials.  Hence  no 
conception  of  the  consistency  of  a  soil  deposit  can  be 
derived  except  from  tests  performed  on  undisturbed 
samples.  Finally  it  was  found,  that  any  consistency 
curve  is  valid  for  one  definite  family  of  soils  only. 
Different  soils  have  different  consistency  curves. 

An  analysis  of  the  last  fact  mentioned  above  led  the 
writer  to  the  following  conclusions:  If  the  depth  of 
penetration  of  the  standard  cone  depended  on  nothing 
but  the  hardness  of  the  material,  the  consistency  curves 
should  be  valid  for  all  fine-grained  soils,  irrespective  of 
their  physical  character.  Hence  the  lack  of  universal 
validity  of  these  curves  indicates  that  the  depth  of 
penetration  depends  not  only  on  the  hardness  but  also 
on  a  foreign  factor  which  has  nothing  to  do  with  con- 
sistency. This  other  factor  seems  to  reside  in  the 
friction  between  the  soil  and  the  sides  of  the  cone, 
combined  with  purely  viscous  resistances  acting  while 
the  material  is  flowing. 

YIELD   POINT  RELATED   TO   CUBE  STRENGTH 

Before  passing  to  the  investigations  of  the  writer,  it 
seems  advisable  to  insert  a  brief  statement  concerning 
the  theory  of  plastic  flow,  this  theory  being  essential  to 
a  clear  understanding  of  the  nature  of  the  processes 
involved  in  the  cone  tests.  The  theory  of  plastic  flow 
produced  by  local  application  of  an  external  pressure 
has  been  worked  out  during  the  last  few  years  by 
Karman,  Brand tl,  and  Hencky.2  From  the  investiga- 
tions of  these  authors,  we  know  that  the  hardness  of 
plastic  materials  (resistance  against  penetration  of  a 
solid  body  into  the  material)  is  a  simple  multiple  of  the 
cube  strength  of  the  material.  In  turn,  by  definition, 
the  hardness  of  plastic  materials  corresponds  to  the 
yield  point,  because  under  a  pressure  greater  than  the 
hardness  the  material  flows.  Hence  the  yield  point 
and  the  cube  strength  of  plastic  materials  are  connected 
with  each' other  by  a  simple  and  well-defined  relation. 
This  theoretical  conclusion  has  been  repeatedly  verified 
by  experiment.  Thus,  according  to  theory,  the  resist- 
ance of  a  material  against  penetration  of  a  body  with 
a  long,  narrow  cross  section  should  be  equal  to  2.57 
times  the  cube  strength  of  the  material,  regardless  of 


2  L  Prandtl,  Uber  die  Harte  plastischer  Korpcr.  Nachnchten  von  der  K.  Gesell- 
schaft  der  Wissenschaften  zu  Gottingen,  Math.  phys.  Elasse,  1920,  and  L.  Prandtl, 
Anweudungsbeispiele  zu  eiuem  Hencky'  schen  Satz  uber  das  plastisehe  Gleicnge- 
wicht     Ztschr.  fur  angewandte  Mathematik  und  Mechanik.    Dd.  3,  Heft  6,  1923. 
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whether  the  material  is  hard,  like  a  metal,  or  as  soft 
as  putty.  Tests  performed  with  steel  edges  pressing 
against  the  plane  surface  of  wrought  iron  showed  that 
the  ratio  between  resistance  against  penetration  and 
cube  strength  was,  for  this  particular  case,  equal  to 
2.31,  against  the  theoretical  2.57. 

Recognizing  the  importance  of  the  relation  between 
cube  strength  and  consistency  (hardness,  resistance 
against  penetration,  yield  point,  etc.)  the  writer  started 
in  1920  to  develop  a  method  for  measuring  the  cube 
strength  and  the  elasticity  of  very  soft  materials.  The 
results  furnished  by  the  tests  were  intended  to  be  used 
in  estimating  the  bearing  capacity  of  natural  soil 
deposits.  The  test  method  proved  to  be  successful. 
However,  the  time  required  for  testing  one  sample 
amounted  to  at  least  two  hours.  In  order  to  simplify 
the  procedure,  the  writer  started  in  1923  to  investigate 
whether  or  not  it  was  possible  to  compute  the  compres- 
sive strength  of  any  soft  material  from  the  penetration 
of  a  cone  with  a  standard  weight,  dropping  from  a 
standard  height,  or  from  the  penetration  of  a  cone 
forced  into  the  material  by  a  static  pressure. 

The  investigations  were  carried  out  with  a  set  of 
samples,  extracted  with  drills  from  a  mud  deposit 
located  at  the  Golden  Horn  in  Constantinople,  on  sim- 
ilar sets  of  samples  from  drill  holes  through  glacial 
clays  in  Detroit,  Mich.3  and  on  samples  obtained  from 
a  soft  deposit  of  glacial  clay  in  Cambridge,  Mass.4 
The  samples  were  obtained  by  means  of  special  samplers 
attached  to  the  lower  end  of  a  set  of  rods.  Whenever 
the  ground  encountered  in  the  test  boring  seemed  to 
change,  the  sampler  was  forced  into  the  ground  to 
a  depth  of  2  to  3  feet  below  the  bottom  of  the  drill  hole. 
Then  the  sampler  was  withdrawn  and  detached  from  the 
rods.  Finally  both  ends  of  the  sampler  were  covered 
with  paraffined  cardboard  and  sealed  by  dipping  each 
end  three  times  into  liquid  paraffin,  so  as  to  keep  the 
water  content  of  the  sample  unchanged. 

Two  types  of  apparatus  were  used  for  making  the 
tests:  a  Vicat  needle  device  in  which  the  needle  was 
replaced  by  a  cone  with  a  90°  point,  having  a  standard 
weight  of  112  grams,  dropping  freely  from  a  standard 
height  of  4  centimeters  (apparatus  A);  and  a  lever 
device  with  an  automatically  sliding  weight,  acting 
on  a  cone  with  a  90°  point,  whose  point,  at  the  outset 
of  each  test,  just  touched  the  plane  surface  of  the  sam- 
ple (apparatus  B). 

The  investigations  included  the  following  types  of 
tests:  Penetration  tests  with  both  apparatus  A  and 
B  on  undisturbed  samples  (soil  still  contained  in  the 
sampler),  on  disturbed  samples  (soil  taken  out  of  the 
sampler  and  transferred  to  a  cylindrical  mould),  and 
finally  cube  tests,  performed  for  the  purpose  of  finding 
out  whether  or  not  a  definite  relation  exists  between 
the  cube  strength  of  the  materials  and  the  figures  fur- 
nished by  the  penetration  method. 

Figure  1  shows  the  results  of  tests  obtained  by  means 
of  apparatus  A  on  remoulded  samples  from  the  mud 
deposits  located  at  the  shore  of  the  Golden  Horn  in 
Constantinople.  Since  the  material  was  very  soft,  it 
was  transferred  from  the  samplers  into  a  cup  with  a 
depth  of  \]4,  inches  and  a  diameter  of  3  inches.  The 
ordinates  represent  the  cube  strength  of  the  samples, 
determined  by  unconfined  compression  tests.     When 

3  Tests  made  by  Metcalf  &  Eddy,  consulting  engineers,  Boston,  Mass.,  according 
to  instructions  furnished  by  the  writer. 

*  Tests  by  E.  S.  Sheiry,  Massachusetts  Institute  of  Technology,  under  the  super- 
vision of  the  writer. 


selecting  the  abscissas  for  the  diagram,  the  writer  was 
guided  by  the  following  consideration : 
Let 

t  be  the  penetration  of  the  dropping  cone  in 

millimeters 
r  the  radius  of  the  hole,  punched  by  the  cone 
q  the  cube  strength  of  the  material,  and 
Q  the  force  equivalent  to  the  impact  produced 
by  the  dropping  cone. 
Since  the  vertex  angle  of  the  cone  was  equal  to  90°,  we 
have 

r  =  t 

and  the  vertical  projection  of  the  area  over  which  the 
force  Q  acted  was  equal  to 

7rr2=7rf2 
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Fig.    1. — Relation   Between  the   Cube   Strength   of  Mud 
Samples  and  the  Corresponding  Penetration  t 

According  to  the  theory  of  plastic  flow,  the  yield 
point  is  equal  to 

wherein  cY  is  a  constant  for  all  plastic  materials.  The 
cone  ceases  to  penetrate  the  material  as  soon  as  the 
pressure  per  unit  of  area  becomes  equal  to  the  yield 
point.  Hence,  combining  the  aforementioned  rela- 
tions, we  obtain 

or 


(9V  = 


constant  X 


If  the  formula  is  correct  the  relation  between  the  cube 

strength  and  the  quantity  j2  should,  in  a  diagram,  be 

represented  by  a  straight  line.     For  this  reason  we  have 

plotted  in  the  diagram  the  values  t2  as  abscissas.     As  a 

matter  of  fact,  the  points  obtained  by  actual  obser- 
vation are  very  nearly  located  on  a  straight  line,  which 
indicates  that  the  cone  test  furnished  fairly  reliable 
values  for  the  relative  "consistency"  of  these  particular 
mud  samples. 
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Figure  2  shows  the  results  of  similar  tests  performed 
on  drill  samples  from  the  blue  clay  deposit  located  be- 
neath the  Massachusetts  Institute  of  Technology  in 
Cambridge,  Mass.  The  apparatus  used  for  these  tests 
was  identical  with  the  one  used  for  the  tests  of  Figure  1. 
The  procedure  was  as  follows :  After  removing  the  seals 
from  the  two  ends  of  the  sampler,  a  piston  was  forced 
into  the  sampler  from  one  end,  thus  forcing  about  one- 
half  inch  of  the  material  out  of  the  tube.  After  remov- 
ing the  material  projecting  out  of  the  tube,  the  surface 


VALUE  Off;   CfCONE  PENETRATION  IN  MM) 

Fig.  2. — Relation  Between  the  Cube  Strength  of  Clay 
and  Mud  Samples  and  the  Corresponding  Penetration 
t  of  a  Standard  Cone,  Freely  Dropping  From  a  Standard 
Height  of  4  Centimeters 

thus  exposed  was  smoothed  off  by  means  of  a  straight- 
edge, and  the  cone  was  dropped  in  its  center.  This  test 
furnished  the  depth  of  penetration  in  the  "undis- 
turbed" sample.  Then  an  additional  quantity  of  about 
1  cubic  inch  of  clay  was  forced  out  of  the  sampler,  and 
molded  into  a  cylindrical  mold  with  a  height  of  1 
inch.  The  cone  test  performed  on  the  smooth  top  sur- 
face of  this  sample  furnished  the  depth  of  penetration 
in  the  "disturbed"  sample. 

RESULTS   OF   CONE   TEST   FOUND   TO   BE   MISLEADING 

If  the  penetration  of  the  cone  depended  on  nothing 
but  the  yield  point  of  the  material,  the  points  obtained 
from  the  tests  should  be  located  on  the  straight  line 
determined  in  Figure  1  and  shown  also  in  Figure  2. 
Figure  2  shows,  however,  that  this  is  by  no  means  true. 
The  points  are  scattered  over  the  area  in  a  rather  erratic 
manner.  In  contrast  to  the  Constantinople  samples, 
the  nature  of  the  material  of  the  Cambridge  samples 
varied  between  rather  wide  limits.  The  observed  facts 
suggested  the  following  conclusions:  The  relation  be- 
tween the  yield  point  and  the  penetration  of  a  freely 
dropping  cone  is  very  different  according  to  the  nature 
of  the  material.  The  results  furnished  by  the  test  may 
be  misleading,  unless  the  test  is  used  for  estimating  the 
relative  consistency  of  materials  with  a  very  similar 
character. 

On  account  of  the  rather  discouraging  results  with 
apparatus  A  the  construction  of  apparatus  B  was  de- 
cided upon.  The  material  was  prepared  in  the  same 
manner  as  for  the  former  tests.  The  force  acting  on 
the  cone  increased  from  zero  at  a  constant  rate  of  30 
grams  per  second.  Every  fifth  second  the  depth  of 
penetration  of  the  cone  was  observed  and  recorded. 
Figure  3  shows  the  result  of  tests  performed  on  an  un- 
disturbed and  on  a  disturbed  sample  of  a  pale  blue, 
glacial  clay  from  a  depth  of  90  feet  below  the  surface, 
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with  a  liquid  limit  of  48.4  per  cent,  a  plastic  limit  of  24 
per  cent,  and  a  water  content  of  44  per  cent.  Figure  4 
shows  the  results  of  similar  tests  performed  on  a  clay 
from  a  depth  of  44  feet,  liquid  limit  of  49.7  per  cent 
plastic  limit  of  23  per  cent,  and  a  water  con t cm  of  1m 
percent. 

The  relation  between  the  load  acting  on  the  cone  and 
the  corresponding  depth  of  penetration  should  be  as 
tollows: 
Let 

Q  be  the  force  acting  on  the  cone, 
t  the  depth  of  penetration  of  the  cone  in  milli- 
meters, and 
r  =  t,  the  radius  of  the  vertical  projection  of  the 
area  over  which  the  force  Q  acts. 
According  to  the  theory  of  plastic  flow,  the  yield  point 
should  be  independent  of  the  area  over  which  the  pres- 
sure acts.     Hence,  if  we  plot  the  values  of  Q  as  abscissas 
and  the  values  of  t2  as  ordinates,  the  points  obtained 
from  each  test  should  be  located  on  a  straight  line, 
because 

Q  =  Q_ 

7Tt2' 


■wr' 


■-  constant 


or 


Q  =  (constant)  X  t2  =  cxt2 


ttX 

Figures  3  and  4  actually  show  that  the  straight  line 
relation  expressed  by  this  formula  approximately 
exists.  In  addition  to  this,  they  show  in  a  very 
striking  manner  the  importance  of  the  influence  on 
the  yield  point  of  remolding  the  samples  of  unaltered 
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water  content.  The  abscissa  of  the  intersection  be- 
tween the  penetration  lines  and  a  horizontal  line  with 
ordinates  equal  to"e42  obviously  corresponds  to  the 
consistency  factor  of  the  Swedish  Railroad  Commission. 

YIELD   POINT  OF   UNCONFINED  SPECIMEN 

In  ordei  to  correlate  the  results  of  cone  penetration 
tests  with' the  yield  point  of  the  material,  compression 
tests  have  been  made  on  unconfined,  cylindrical 
specimen    of    different    clays.     Figure    5    shows    the 
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Fig.  4. — Relation  Between  the  Weight  Acting  on  Cone 
and  Square  of  Penetration  of  the  Cone  Into  Sample 
No.  5 

results  of  the  compression  tests  performed  with  undis- 
turbed and  the  disturbed  materials  of  Figure  3,  and 
Figure  6  the  results  of  similar  tests  made  on  the 
materials  of  Figure  4.  The  tests  were  made  on 
cylinders  1  inch  high,  with  a  diameter  of  1  inch. 
During  the  tests  the  cylinders  were  surrounded  by  a 
humidifier,  and  the  remolding  was  done  so  rapidly 
that  the  water  loss  due  to  evaporation  associated 
with  the  remolding  process  was  practically  negligible. 

The  load  was  changed  (increased  or  decreased)  by 
equal  increments  in  equal  time  intervals  at  such 
a  rate,  that  every  test  lasted  about  two  hours,  the 
time  required  for  the  time  observations  a,  b,  c,  etc., 
at  constant  load  excluded. 

If  in  such  a  test  a  new  increment  is  added  to  the 
load,  there  follows  an  almost  instantaneous  com- 
pression. Then,  as  time  goes  on,  the  compression 
gradually  increases  at  a  decreasing  rate,  until  finally 
equilibrium  is  reached,  the  time  increase  of  com- 
pression becoming  equal  to  zero.     On  the  other  hand, 


on  removing  precisely  the  same  load  increment,  the 
specimen  almost  instantaneously  expands.  As  time 
goes  on,  the  expansion  continues  at  a  decreasing  rate, 
until  finally,  after  a  couple  of  hours,  expansion  ceases. 
These  phenomena  are  characteristic  of  the  effect  of 
pressure  below  the  yield  point  and  at  the  same  time 
correspond  in  every  respect  to  the  effect  of  pressures 
on  solid  bodies.  Thus,  from  the  results  of  experiments 
with  various  metals,  Michelson5  concluded  that  a 
change  in  stress  of  a  solid  body  involves  four  different 
strain  effects:  (1)  Rapid  elastic  yield;  (2)  rapid  in- 
elastic yield  (lost  motion);  (3)  slow  elastico- viscous 
displacement;  and  (4)  slow  viscous  (nonreversible) 
displacement.  The  relation  between  time  and  each 
one  of  these  four  types  of  strain  effects  in  solid  bodies 
closely  resembles  those  which  exist  for  clays  and 
similar  nonliquid  materials,  regardless  of  how  stiff 
or  fluid  they  may  be,  provided  the  pressure  which 
causes  the  strain  effects  be  below  the  yield  point. 
A  discussion  of  the  causes  of  the  lag  (retardation)  of 
the  strain  has  been  presented  elsewhere.6  For  our 
purposes  it  is  sufficient  to  retain  the  following  two 
facts : 

The  application  of  a  pressure  on  clay  always  involves 
a  viscous  flow,  regardless  of  whether  the  pressure  be 
below  or  above  the  yield  point. 

If  the  pressure  is  below  the  yield  point,  the  speed 
of  flow  decreases  at  constant  pressure  until  it  finally 
becomes  equal  to  zero. 

The  maximum  pressure  (or,  in  the  case  of  cube  tests, 
the  maximum  load  per  unit  of  area)  under  which  a 
state  of  final  equilibrium  can  still  be  reached,  corre- 
sponds to  the  yield  point.  Hence  the  time-com- 
pression curves  for  loads  below  the  yield  point  approach 
a  horizontal  tangent,  while  the  corresponding  curves 
for  loads  above  the  yield  point  have  no  such  tangent. 

In  Figures  5  and  6  the  yield  point  corresponds  to  the 
abscissa  of  the  vertical  tangent  to  the  pressure-com- 
pression curve  marked  "T"  because  the  pressure 
compression  curve  joining  this  tangent  means  infinite 
increase  in  compression  at  no  increase  in  load. 

Tests  can  not  be  carried  to  the  'point  where  the 
compression  curve  becomes  vertical  but  the  position 
of  the  vertical  asymptote  can  be  estimated  with  a 
sufficient  degree  of  accuracy.  In  the  right  lower 
corner  of  Figures  5  and  6,  the  increase  of  compression 
at  constant  load  for  different  loads  are  shown  for  both 
undisturbed  and  remolded  samples. 

The  degree  of  elasticity  of  the  samples  is  determined 
by  the  reversible  part  of  the  compression  and  can  be 
expressed  by  the  modulus  of  elasticity,  which  in  turn 
is  equaFto  the  cotangent  of  the  angle  formed  between 
the  pressure  axis  and  the  hysteresis  loops. 

The  samples  represented  by  Figures  5  and  6  had  the 
following  characteristics: 


Modulus  of 
elasticity 

Yield  point 

Ratio  of 

yield 
point  to 
modulus 
of  elas- 
ticity 

Sample  No.  2  undisturbed 

Kg.  per  sq.  cm. 
37 
25 
66 
25 

Kg.  per  sq.  cm. 
0.65 

.30 
1.20 

.33 

0.0176 

Sample  No.  2  remolded 

.0120 

Sample  No.  5  undisturbed... 

.0182 

Sample  No.  5  remolded . 

.0132 

1  The  Laws  of  Elastico-Viseous  Flow,  by  A.  A.  Michelson,  Proceedings  of  the 
National  Academy  of  Sciences,  May  15,  1917. 
8  Terzaghi,  Erdbaumechanik,  Wien,  1925. 
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COMPRESSIVE  STRENGTH   AND   CONE  PENETRATION 

The  results  of  the  cube  tests  furnished  the  basis  for 
correlating  the  yield  point  with  the  data  furnished  by 
the  penetration  tests.  From  these  results,  the  rela- 
tion between  the  cube  strength  q  of  the  material  and 

the  unit  resistance  £  =  ~2  =  J,  to  the  penetration  of 

the  cone  (yield  point)  was  found  to  be  as  follows: 


Sample 

Q 

P  =  rt2 

2 

q 

No.  2,  undisturbed... 

Gins,  per  sq.cm. 
650 
300 
1,  200 
330 
700 
320 

Gms.per  sq.  cm 
956 
548 

2,960 
600 

1,310 
711 

1.47 

1.  83 

2.  17 

1.82 
1.87 
2.23 

No.  2,  remolded 

No.  5,  undisturbed  . 

No.  5,  remolded.. 

No.  3,  undisturbed.. 

No.  3,  remolded.. 

If  the  test  with  apparatus  B  were  an  ideal  consis- 
tency  test,  the  ratio  ^  should  be  a  constant  and  en- 
tirely independent  of  the  nature  of  the  material. 
In  spite  of  all  the  tests  having  been  made  with  blue 
glacial  clay,  the  ratio  varies  by  about  ±25  per  cent, 
the  average  value  being  equal  to  1.95. 

The  most  conspicuous  result  brought  out  by  the 
tests  concerns  the  wide  range  in  variation  of  the  ratio 
between  the  cube  strength  of  disturbed  and  undis- 
turbed samples.     The  cube  strength  of  the  remolded 
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Fig.  5. — Compression  Test  on  Unconfined  Specimen  of  two 
Identical  Clay  Samples  (No.  2)  With  Identical  Water 
Content  one  of  Which  was  in  the  Original  State  and 
the  Other  Remolded 


samples  ranges  anywhere  between  0.55  and  0.25  of  the 
cube  strength  (yield  point  or  consistency)  of  the  undis- 
turbed samples.  Hence  there  seems  to  be  no  chance 
to  evaluate  the  actual  consistency  of  a  soft,  water- 
bearing deposit,  except  by  experimenting  with  undis- 
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Fig.  6. — Compression  Tests  on  Unconfined  Sample  of  Two 
Identical  Clay  Samples  (No.  5)  With  Identical  Water 
Content  One  of  Which  was  Undisturbed  and  the  Other 
Remolded 

turbed  samples,  and  the  technique  of  securing  undis- 
turbed samples  represents  as  important  a  problem  as 
the  technique  of  testing  the  samples. 

FRICTION  AFFECTS  VALUE  OF  KINDLE'S  test 

In  contrast  to  the  writer,  Doctor  Kindle  attacked  his 
problem  from  a  purely  empirical  point  of  view.  He 
compared  materials  ranging  in  hardness  between  tal- 
cum and  cohesionless  sand  with  the  successive  stages 
through  which  a  mixture  of  neat  cement  and  water 
passes  during  the  process  of  setting,  and  tried  to  work 
out  an  experimental  method  for  correlating  the  consis- 
tency of  any  soft  material  with  the  corresponding  con- 
sistency of  a  mixture  of  neat  cement  and  water.  This 
method  of  attack  is  very  original  and  appealing  on 
account  of  its  apparent  simplicity.  It  furthermore 
differs  essentially  from  the  methods  used  by  the  Swed- 
ish Railroad  Commission  and  by  the  writer,  inasmuch 
as  it  is  intended  to  include  not  only  clay  and  mud,  but 
all  other  kinds  of  soft  materials,  plastic  and  brittle.  It 
involves,  however,  from  the  very  beginning  a  serious 
difficulty.  Consider,  for  example,  the  two  following 
materials:  A  sand  whose  grains  are  slightly  cemented 
together  and  a  soft  clay.  Both  materials  may  have,  ac- 
cording to  any  consistency  test  (cube  test,  bearing-capac- 
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ity  test,  cone-penetration  test,  etc.)  precisely  the  same 
resistance.  Nevertheless  it  would  be  most  confusing  to 
consider  the  consistencies  of  these  materials  as  equiva- 
lent, because  there  is  obviously  a  second  factor  which 
must  be  taken  into  consideration,  the  deformability  of 
the  material  According  to  the  degree  of  deformability, 
the  mechanical  behavior  may  or  may  not  be  governed 
by  the  laws  of  plastic  flow,  a  difference  which  is  at  least 
as  important  as  a  difference  in  consistency.  Hence  the 
consistency  of  the  materials  can  not  possibly  be  repre- 
sented by  a  single  figure,  even  in  the  restricted  sense  of 
the  word,  as  used  in  this  paper. 

Disregarding  this  initial  difficulty,  we  may  pass  to 
the  test  method  itself.7  In  order  to  compare  the  con- 
sistency of  two  materials,  Doctor  Kindle  measures  the 
penetration  of  a  one-half  inch  rod  with  a  sharp  point, 
freely  dropping  from  an  elevation  of  10  inches.  Upon 
analyzing  the  process  of  penetration,  one  realizes  that 
the  depth  of  penetration  depends  not  only  on  the  cohe- 
sion of  the  material,  but  also  on  the  friction  between  the 
surface  of  the  rod  and  the  adjoining  material.  This 
second  factor  is  something  completely  independent  of 
cohesion.  In  addition  to  this  the  intensity  of  the  fric- 
tional  resistance  is  strongly  influenced  by  dynamic  lubri- 
cation phenomena.  Thus  the  coefficient  of  friction  be- 
tween the  point  of  the  rapidly  penetrating  rod  and  the 
adjoining  material  is  apt  to  amount  to  only  a  small 
fraction  of  the  coefficient  of  friction  between  the  same 
material  and  the  surface  of  a  slowly  penetrating  point. 
In  turn,  each  of  these  two  coefficients  may  be  very 
different  from  the  coefficient  of  friction  between  the 
point  and  a  mixture  of  cement  and  water  of  equal 
consistency. 

These  friction  phenomena  are  most  troublesome 
wherever  they  develop  in  connection  with  experimental 
work.  Due  to  the  effect  of  dynamic  lubrication  it  is 
impossible  to  establish  a  universally  valid  pile-driving 
formula.  The  same  effect  introduced  an  erratic  element 
into  the  cone  tests  described  in  the  first  paragraphs  of 
this  paper.  Since  the  outcome  of  Doctor  Kindle's  pene- 
tration test  depends  to  a  large  extent  on  friction,  the 
figures  furnished  by  the  tests  can  not  possibly  be  con- 
sidered as  a  standard  for  comparing  consistencies. 
They  represent  the  combined  result  of  two  independent 
factors — consistency  and  friction.  The  friction  effect 
is  complicated  by  dynamic  lubrication  and  seems  to 
have  a  far  greater  influence  on  the  outcome  of  the  tests 
than  the  consistency. 

Three  years  ago  the  writer  investigated  the  effect  of 
the  shape  of  the  penetrating  body  on  the  ultimate  bear- 
ing capacity  of  cohesionless  sand8  and  found  that  the 
resistance  against  penetration  of  a  cylindrical  body 
with  a  flat  bottom  and  with  a  diameter  of  3.9  centi- 
meters acting  on  the  plane  surface  of  the  sand  is  about 
20  per  cent  greater  than  the  resistance  against  penetra- 
tion of  a  cylinder  of  equal  diameter,  terminating  in  a 
cone  with  a  vertex  angle  of  60°.  On  the  other  hand, 
several  years  ago,  similar  tests  were  made  near  Vienna, 
on  cohesive  loess.9  The  diameter  of  the  loaded  area 
was  equal  to  28.1  centimeters.  In  contrast  to  what 
has  been  stated  above  for  the  sand,  the  resistance  of 
the  loess  against  penetration  of  the  conical  bodies 
(vertex  angle  of  90°  and  of  35°)  seemed  to  be  somewhat 
in  excess  of  the  ultimate  bearing  capacity  for  a  load 

'A  proposed  scale  of  hardness  and  cohesion  for  rocks,"  an  unpublished  article  bv 
E.  M.  Kindle. 
•  Terzaghi,  Erdbaumechanik,  Wien,  1925,  p.  232. 
8  From  an  unpublished  report  by  Dr.  Ing.  Fritz  Emperger. 


acting  on  a  plane  surface.  Hence  the  ratio  between 
the  bearing  capacity  of  the  ground  for  plane  and  for 
conical  loaded  surfaces  may  be  different  for  different 
materials.  This  fact  ought  to  be  kept  in  mind  when 
attempting  the  interpretation  of  cone  penetration  tests. 

CUBE  STRENGTH   MOST   PROMISING  INDEX   OF   CONSISTENCY 

From  the  preceding  remarks  we  learn  that  the  pro- 
posed methods  for  determining  the  "consistency"  of  a 
material  are  still  far  from  ideal.  For  the  time  being 
the  most  promising  method  consists  in  measuring  the 
cube  strength  directly,  by  a  simple,  nonconfined  com- 
pression test,  and  to  consider  the  yield  point  of  the 
cubes  as  a  measure  of  the  consistency  because,  accord- 
ing to  the  aforementioned  theory  of  plastic  flow,  the 
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Fig.  7. — 'Diagram  Showing  Consistency  Factors  of  Soil 
Beneath  a  Gravel  Fill  at  Smedserod,  Sweden.  Copied 
from  Report  of  Swedish  Railroad    Commission 

yield  point  of  an  unconfined  cylinder  strictly  determines 
the  ultimate  resistance  of  a  plastic  material  under  any 
other  conditions  of  confinement. 

It  remains  to  decide  to  what  extent  a  consistency 
coefficient  thus  obtained  may  serve  a  practical  purpose. 
There  are  three  principal  fields  of  application  for  con- 
sistency tests: 

(a)  Applied  geology,  the  consistency  test  serving  as 
a  means  for  expressing  the  hardness  of  materials  (rocks, 
soils,  muds,  etc.)  softer  than  talcum. 

(b)  Foundation  engineering,  the  consistency  test  to 
be  used  for  investigating  the  degree  of  stiffness  of  soil 
intended  to  support  structures  and  artificial  loads. 

(c)  Subgrade  investigations,  the  consistency  test  to 
be  used  for  expressing  the  resistance  of  the  top  layer 
of  the  ground,  located  immediately  beneath  the  road 
surface. 

The  application  of  the  consistency  test  to  soft  geo- 
logical formations  is  severely  handicapped  by  the  great 
variation  in  the  physical  character  of  the  softer  forma- 
tions. The  common  rocks  and  minerals  included  in  the 
traditional  scale  of  hardness  represent  practically  homo- 
geneous solid  bodies.  The  homogeneous  solid  bodies 
belong,  physically  speaking,  in  one  class,  and  their 
hardness  can  be  described  by  a  single  figure. 

In  contrast  to  this,  the  soft  materials  may  be  either 
porous  solid  bodies  (chalk,  etc.)  or  two-phase  systems 
(saturated  silts,  clays,  etc.)  or  three-phase  systems 
(dry  clays  or  loams).  These  three  groups  of  materials 
are  physically  so  different  that  it  is  impossible  to 
establish  a  scale  of  consistency  valid  for  all  of  them. 
The  hardness  of  the  materials  of  the  first  and  the  third 
group  may  best  be  expressed  by  the  cube  strength 
(breaking  strength)  of  the  material  or  by  any  other 
method  used  for  measuring  the  hardness  of  brittle 
solid  bodies.     The  consistency  of  the  materials  of  the 
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second  group  is  also  primarily  determined  by  the  cube 
strength,  but  the  cube  strength  has  in  this  case  a  dif- 
ferent meaning.  It  corresponds,  not  to  the  breaking 
strength  of  brittle  substances,  but  to  the  yield  point 
of  plastic  materials.  Hence,  in  order  to  define  the 
hardness  of  a  soft  material,  it  is  not  sufficient  to  men- 
tion the  cube  strength.  It  is  necessary  to  state  in 
addition,  at  least,  whether  the  material  was  crushed  or 
whether  it  flowed  under  pressure,  and  whether  the 
material  disintegrates  in  water  or  whether  it  retains 
its  strength.  For  clays  it  will,  in  addition,  be  required 
to  determine  the  consistency  in  an  undisturbed  state. 
_  The  most  promising  field  of  application  of  the  con- 
sistency tests  concerns  the  stiffness  and  the  bearing 
capacity  of  compressible  substrata  (muck,  silt,  clay) 
located  beneath  the  depth  of  seasonal  variations  in 
water  content.  Figure  7  shows  the  change  in  con- 
sistency of  a  bed  of  silt  produced  by  the  superimposed 
weight  of  a  gravel  fill.  The  investigations  which  led 
to  this  diagram  were  made  by  the  Swedish  Railroad 
Commission,  by  means  of  the  cone  penetration  method 
described  in  this  paper.  The  diagram  shows  very 
clearly  the  general  subsidence  associated  with  an 
increase  of  the  consistency  of  the  strata  located  beneath 
the  fill.    Yet  the  data  have  a  relative  value  only,  because 


the  tests  have  been  made  with  remolded  samples.  At 
present  our  efforts  concentrate  on  improving  the 
methods  for  obtaining  undisturbed  samples  and  on 
testing  these  samples  in  their  original  condition. 

When  attempting  to  apply  consistency  methods  to 
the  problem  of  predicting  the  behavior  of  a  subgrade 
to  be  located  immediately  beneath  the  surface  of  a 
road,  one  meets  the  same  difficulties  which  make  it 
impossible  in  the  laboratory  to  go  beyond  an  attempt 
to  classify  the  raw  material  of  the  subgrade.  In  the 
held  the  subgrade  undergoes  periodical  changes  between 
the  state  of  almost  complete  saturation  and  the  state  of 
dryness.  As  a  consequence  its  consistency  varies 
between  very  wide  limits.  In  the  preceding  paragraphs 
it  has  been  shown  that  the  consistency  of  two  identical 
samples  with  identical  water  contents  may  be  very 
different  according  to  the  preceding  history  of  the 
sample.  It  would  be  still  more  difficult  to  estimate  in 
advance  the  minimum  consistency  of  a  material  under 
conditions  which  we  can  not  possibly  reproduce  in  the 
laboratory.  Hence  in  subgrade  investigations  the  con- 
sistency tests  can  not  possibly  be  utilized  except  in 
connection  with  laboratory  procedure  for  classification 
purposes,  and  without  expecting  the  test  results  to  have 
a  direct  bearing  on  the  behavior  of  the  soil  in  the  field. 


(Continued  from  page  239) 

hard  bottom  is  reached,  the  bending  stresses  induced  in 
the  piling  during  backfilling  can  easily  cause  failure  where 
sufficient  penetration  of  the  mineral  subsoil  can  be  had  to 
give  a  good  piling  anchorage.  If  penetration  of  the  piling 
is  limited  by  a  hardpan  layer  below  the  peat,  sliding  of 
the  bottom  of  the  piling  may  take  place.  If  the  deposit 
is  deep,  the  piling  may  be  flexible  enough  so  that  it  acts 
as  a  cantilever  fixed  at  the  bottom  and  the  whole  struc- 
ture may  be  moved  in  one  direction.  The  forces  due  to 
the  compression  and  flow  of  the  peat  during  filling  have 
been  the  cause  of  a  number  of  bridge  failures. 

In  one  case  in  Michigan  in  1916,  a  40-foot  bridge 
was  put  in,  supported  by  50-foot  spliced  piling.  Some 
time  after  filling  of  the  approach  was  started  the 
bridge  began  to  move,  slid  along  the  axis  of  the  road- 
way and  inside  of  a  week  had  completely  disappeared 
from  sight.  In  another  case  in  a  peat  deposit  about 
40  feet  deep,  a  40-foot  bridge  rotated  about  5°  about 
one  end,  and  settlement  then  began  in  sufficient  amount 
to  destroy  the  bridge.  Had  the  approach  fills  been 
made  first,  .these  failures  would  not  have  occurred. 

The  maintenance  of  a  road  surface  which  is  settling 
is  a  comparatively  difficult  matter  to  handle.  In  a 
number  of  cases  where  the  amount  of  settlement  was 
not  over  a  foot  or  two  and  a  concrete  surface  had  been 
placed,  the  slabs  have  been  jacked  back  to  grade  and 


the  space  beneath  the  slab  refilled  with  tamped  earth. 
It  is  for  this  reason  that  mesh  reinforcement  is  desirable, 
as  it  has  been  found  that  reinforced  slabs  can  be  jacked 
back  into  place  with  very  much  less  breakage  than  the 
plain  slab.  In  other  cases,  where  the  settlement  has 
been  accompanied  by  considerable  slab  breakage,  it 
has  been  necessary  to  remove  the  surface,  bring  the  fill 
back  to  grade,  and  replace  the  surface.  Where  the 
amount  of  settlement  isNConsiderable  it  may  be  possible 
to  effect  a  remedy  by  removing  only  a  part  of  the  pave- 
ment at  each  end  of  the  settlement  and  placing  new 
sections  which  will  join  the  sunken  slab  properly  to 
the  surface  adjacent  to  the  settlement. 

It  is  unfortunate  that  the  present  methods  of  filling 
have  been  used  for  so  short  a  time,  as  it  is  impossible 
for  us  to  accurately  estimate  the  amount  of  filling 
material  necessary  with  methods  4  and  5.  Quantities 
in  each  case  will  be  less  than  those  indicated  by  curves 
derived  from  an  investigation  of  fills  which  have  been 
placed  full  width  on  the  surface  of  the  undisturbed 
peat.  It  is  planned  in  the  near  future,  as  soon  as  a 
sufficient  number  of  these  examples  are  available,  to 
cross  section  and  determine  the  amount  necessary, 
using  the  new  method.  We  are  confident  that  the  meth- 
ods proposed  will  eliminate  a  great  deal  of  the  settle- 
ment formerly  encountered,  and  will  involve  the  use 
of  smaller  amounts  of  material  in  filling. 


CALIFORNIA    ROAD    SURVEY    DEMONSTRATES    THE 
ECONOMIC  POSSIBILITIES  OF  SUBGRADE  STUDIES 


Reported  by  C.  A.  HOGENTOGLER,  Highway  Engineer,  Bureau  of  Public  Roads 


EXAMINATION  of  the  data  on  subgrades  and 
road  condition  collected  in  the  study  of  Cali- 
fornia highways  in  1920 l  shows  convincingly 
the  value  of  considering  subgrade  conditions  in  high- 
way design. 

In  this  survey  the  concrete  roads  were  classified 
according  to  condition  as  follows: 

(a)  A  pavement  in  which  the  plainly  visible  tran- 
verse  cracks  do  not  exceed  the  normal  number  ex- 
pected of  a  pavement  constructed  without  expansion 
joints,  and  which  has  no  plainly  visible  longitudinal 
cracks. 

(b)  A  pavement  having  more  than  the  normal 
number  of  plainly  visible  transverse  cracks  or  with 
some  "crowfoot"  cracks  at  the  edges  or  with  both. 

(c)  A  pavement  similar  to  classes  a  and  b  and 
with  one  plainly  visible  longitudinal  crack  or  with 
a    considerable    number    of    "crowfoot"    cracks. 

(d)  A  pavement  so  cracked  transversely  and  longi- 
tudinally that  numerous  slabs  are  formed  of  less  area 
than  class  c,  but  that  do  not  average  less  than  about 
50  square  feet. 

•  (e)  A  pavement  in  which  the  plainly  visible  trans- 
verse and  longitudinal  cracks  are  so  numerous  that 
it  is  broken  into  slabs  having  areas  less  than  about  50 
square  feet  but  in  which  no  general  disintegration 
appears. 

(/)  A  pavement  badly  broken  and  with  disinte- 
grated portions. 

The  subgrade  classification  was  made  in  accordance 
with  the  practice  of  the  U.  S.  Bureau  of  Soils  as  follows : 

Class  1.  Clay  and  adobe  soils  (includes  clay,  silty 
clay,  clay-loam  and  clay). 

Class  2.  Marsh  lands  (includes  salt  marsh  and 
peat    lands). 

Class  3.  Loams  (includes  loam,  clay-loam,  silty 
loam  and  silty  clay -loam). 

Class  4.  Sandy  loam  (includes  coarse  sandy  loam 
and  fine  sandy  loam). 

Class  5.  Sand,  and  sand  and  gravel. 

Table  1. — Condition  classification  of  concrete  roads  on  different 
types  of  subgrade,  based  on  study  of  1,200  miles  of  California 
road  in  1920 


Type  of  subgrade ' 

Class  of  pavement 

A 

B 

C 

D 

E 

F 

Sand... 

Per  cent 
68.4 
44.2 
34.8 

21.4 

Per  cent 
21.4 
38.8 
39.0 
37.8 

Per  cent 
10.2 
11.0 
18.1 
20.4 

Per  cent 

Per  cent 

Per  cent 

Sandy  loam 

3.6 

4.2 

10.8 

o.  y 
i.i 

4.6 

1  5 

Loam 

2  8 

Adobe  and  clay 

5  0 

•  Types  classified  in  accordance  with  the  practice  of  the  U.  S.  Bureau  of  Soils. 

In  the  California  report,  about  1,200  miles  of  con- 
crete surface  and  the  corresponding  subgrade  were 
classified  according  to  the  above  systems,  with  the 
result  shown  in  Table  1.     These  roads  were  practi- 
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cally  all  of  the  standard  California  4^-inch  cross 
section  used  prior  to  1920.  They  were  constructed 
during  the  period  1912  to  1920  and  the  construction 
was  distributed  over  different  types  of  soils  in  ap- 
proximately proportionate  amounts  throughout  this 
period. 

In  the  large  mileage  of  pavement  inspected  and 
classified  there  were  sections  of  various  ages  from  one 
to  eight  years  and  sections  which  had  been  subjected  to 
traffic  of  various  degrees  of  density  from  light  to  heavy 
on  each  of  the  types  of  subgrade.  In  other  words, 
there  were  pavements  laid  on  sand  subgrades  which 
had  been  in  service  for  varying  periods,  and  there  were 
pavements  laid  on  adobe  and  other  types  of  soil  which 
had  also  been  in  service  for  various  lengths  of  time; 
similarly,  there  were  pavements  on  sand  subgrades 
which  had  been  subjected  to  light  traffic  and  others 
which  had  been  subjected  to  heavy  traffic,  and  the 
same  may  be  said  of  the  pavements  laid  on  adobe  and 
other  types  of  soil.  In  view  of  these  conditions  and  the 
large  mileage  involved  it  may  be  assumed  that  major 
differences  found  to  exist  in  the  percentage  and  degree 
of  failure  of  pavements  on  the  various  types  of  sub- 
grades  were  due  in  greater  degree  to  the  character  of 
the  subgrade  than  to  the  age  of  the  surfaces  or  the 
density  and  weight  of  the  traffic. 

There  may  be  some  differences  of  opinion  as  to 
the  details  of  road  and  soil  classification,  whether  the 
road  condition  classes  should  be  based  on  the  spacing 
of  cracks  and  area  of  resulting  blocks  or  on  length 
of  cracks  and  extent  of  breakage,  and  whether  the 
soils  should  be  classified  according  to  type  or  accord- 
ing to  certain  laboratory  tests.  Whatever  the  opinion 
in  regard  to  these  matters  it  can  influence  but  little 
the  outstanding  conclusions  to  be  drawn  from  the  com- 
parative data  in  Table  1.  Classification  by  other  pro- 
posed systems  which  definitely  identify  road  condition 
and  soil  characteristics  would  warrant  the  same 
conclusions. 

These  conclusions  are  as  follows: 

1.  That  subgrade  character  has  a  controlling  influ- 
ence on  road  condition  and  outweighs  the  traffic 
variable  in  general  comparisons. 

2.  That  a  surface  design  which  is  adequate  for  one 
type  of  soil  may  be  inadequate  for  an  inferior  type. 

3.  That  within  a  given  soil  type  certain  undesirable 
conditions  of  subgrade  may  develop  which  will  make 
inadequate  a  pavement  design  adequate  where  these 
conditions  do  not  exist. 

4.  That,  other  things  being  equal,  these  undesirable 
subgrade  conditions  increase  with  increase  of  clay 
content. 

5.  That  soils  can  be  grouped  with  regard  to  the 
occurrence  of  these  undesirable  conditions  of  support, 
although  the  best  classification  may  not  yet  be  deter- 
mined. 

6.  That  information  on  the  relative  tendency  of  the 
various  soil  types  to  develop  undesirable  subgrade  con- 
ditions and  on  the  causes  and  corrective  measures  for 
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these  undesirable  conditions  can  result  in  enormous 
savings  in  the  ultimate  cost  of  roads. 

Table  1  indicates  that,  in  general  classifications,  the 
traffic  is  subordinate  to  the  subgrade  variable.  While 
no  correction  was  made  for  differences  in  traffic,  the 
percentage  of  good  pavement  consistently  decreases 
and  the  percentage  of  bad  pavement  correspondingly 
increases  as  the  supporting  value  or  some  other  desir- 
able characteristic  of  the  subgrade  decreases. 

In  comparing  but  two  roads,  difference  in  traffic 
undoubtedly  will  be  reflected,  but  when  large  portions 
of  highway  systems  are  used  for  study  the  traffic  vari- 
able seems  subordinate. 

This  coincides  with  the  findings  of  the  highway 
research  board  which  were  to  the  effect  that  the  influ- 
ence of  traffic  on  concrete  pavement  condition  was 
subordinate  to  those  of  age,  subgrade  and  design  of 
slab.2 

Table  1  demonstrates  that  a  design  of  pavement 
which  is  adequate  on  sand  subgrades  may  be  inade- 
quate on  clays.  This  can  be  better  demonstrated  by  a 
second  tabulation.  Since  the  California  report,  in 
further  explanation  of  the  road  condition  classes,  states 
that  classes  A,  B,  and  C  were  equally  serviceable  for 
traffic,  and  also  since  the  adoption  of  the  center  joint 
design  would  place  class  C  pavements  with  classes  A 
and  B,  these  three  classes  are  grouped  in  Table  2  as 
desirable  pavements  and  classes  D,  E,  and  F  are 
grouped  as  undesirable  pavements. 


Table  2. — Pavements  on  different  types  of  subgrade  classed  as 
desirable  or  undesirable 

Type  of  subgrade 

Desir- 
able 

Unde- 
sirable 

Per  cent 
100.0 
94.0 
91.9 
79.6 

Per  cent 

6.0 

8.1 

20.4 

Table  2  shows  clearly  that  the  design  of  pavement 
used  was  adequate  for  sand  subgrades  but  that  other 
subgrades  require  either  a  change  in  design  or  correc- 
tive measures  in  varying  amounts.  This  indication  is 
supported  by  findings  of  the  highway  research  board 
and  also  by  behavior  of  certain  roads  in  both  New 
York  and  Delaware. 

Table  2  indicates  that  road  failures  are  caused  by 
certain  undesirable  conditions  found  in  portions  of  the 
various  soil  types.  Even  on  the  worst  subgrade  (clay) 
about  80  per  cent  of  the  pavements  were  in  desirable 
condition.  A  further  study  of  this  table  indicates  that 
but  three  soil  classifications  are  needed  in  this  case 
and  the  revision  is  shown  in  Table  3. 

Table  3. — Pavements  classed  as  desirable  or  undesirable  using 
only  three  subgrade  classifications 


Type  of  subgrade 

Pavement  condition 

Desirable 

Undesirable 

Per  cent 
100.0 
93.0 
79.6 

Per  cent 

7.0 

20.4 

2  Proceedings  of  the  Fifth  Annual  Meeting  of  the  Highway  Research  Board,  1925, 
Part  II. 


This  tabulation  plainly  indicates  that  the  undesirable 
conditions  increase  with  increase  of  clay  content  and 
also  that  soils  can  be  classified  with  regard  to  their 
influence  on  pavement  condition,  thus  supporting  in- 
dications 4  and  5. 

As  an  example  of  the  value  of  subgrade  information 
to  the  engineer  let  it  be  assumed  that  1,000  miles  of 
pavement  are  to  be  constructed;  that  the  subgrades 
consist  of  200  miles  of  sand,  300  miles  of  loam,  and  500 
miles  of  clay,  and  that  conditions  are  similar  to  those 
existing  in  California. 

In  the  absence  of  definite  information  on  subgrade 
influence,  a  pavement  of  uniform  design  and  adequate 
to  meet  the  undesirable  conditions  in  the  clays  and 
loams  would  probably  be  adopted.  Referring  to  Table 
3,  this  means  that  on  the  loams  a  pavement  more  than 
adequate  for  93  per  cent  of  its  length  would  be  used 
because  of  undesirable  conditions  existing  on  but  7  per 
cent,  and  in  the  clays  a  pavement  more  than  adequate 
for  80  per  cent  of  its  length  must  be  laid  because  of 
undesirable  conditions  found  on  20  per  cent,  or  under 
the  assumptions  stated  above,  879  miles  of  our  total 
length  would  be  more  than  adequately  improved  be- 
cause of  undesirable  conditions  existing  on  121  miles. 
Under  the  above  conditions  and  with  an  assumed  pave- 
ment cost  of  $21,000  per  mile,  the  cost  of  our  svstem 
would  be  $21,000,000. 

In  contrast  to  this  procedure,  if  the  highway  engineer 
had  definite  information  on  the  types  of  soils  in  which 
undesirable  conditions  exist  and  also  on  the  location, 
cause  and  corrective  measures  for  these  conditions,  a 
design  adequate  for  the  879  miles  of  pavement  would 
be  used  and  corrective  measures  would  be  added  on  the 
121  miles. 

Just  what  these  corrective  measures  would  cost  is 
not  known,  but  certain  roads  in  Delaware  and  New 
York  indicate  that  the  difference  in  support  between 
natural  sands  or  sands  and  gravels  and  undesirable 
conditions  found  in  clay  subgrades  can  be  equivalent 
to  at  least  1  inch  of  pavement  thickness  or  about  $3,000 
per  mile.  If  this  indication  is  correct,  it  can  be  seen 
that  on  the  879  miles  of  pavement  there  exists  the  possi- 
bility of  saving  $2,637,000  or  12 %  per  cent  of  the  total 
cost.  Whether  or  not  these  actual  figures  are  accepted, 
the  California  data  plainly  show  that  if  accurate  sub- 
grade  information  is  obtained  and  utilized  a  consider- 
able saving  of  road  funds  will  result. 

These  data  also  point  out  that  the  logical  method  of 
procedure  in  subgrade  studies  is  to  make: 

1.  General  surveys  for  determining  the  influence  of 
various  types  of  subgrades  on  different  types  and 
designs  of  pavements. 

2.  Detailed  investigations  of  road  failures  to  deter- 
mine the  causes  of  undesirable  conditions  developing 
in  the  several  soil  types. 

3.  Detailed  surveys  of  subbases,  subgrade  treat- 
ments, drainage  types,  and  change  in  pavement  design 
to  determine  the  efficiency  of  the  various  corrective 
measures  for  overcoming  undesirable  subgrade  condi- 
tions. 

At  present  15  States  consider  subgrade  support 
in  pavement  design,  a  fact  which  reflects  increased 
recognition  of  the  importance  of  the  subject.  Practice 
in  Colorado  can  be  described  as  a  good  example  of  the 
practical    application    of    the    present    knowledge    of 

(Continued  on  page  251) 


DESIGN  OF  A  CONSTANT  TEMPERATURE  MOIST  CLOSET 


By  WALLACE  F.  PURRINGTON,  Materials  Engineer,  New  Hampshire  Highway  Department 


THE  TESTING  laboratory  of  the  New  Hampshire 
State  Highway  Department  recently  found  it 
necessary  to  design  a  moist  closet  to  meet  the 
conditions  of  the  new  specification  of  the  American 
Society  for  Testing  Materials,  which  reads  as  follows: 
"The  temperature  of  the  room,  the  materials,  the 
mixing  water,  the  moist  closet  and  storage  tank  water 
shall  be  maintained  as  nearly  as  practicable  at  21°  C. 
(70°  F.)  and  the  mixing  water,  moist  closet,  and  the 
water  in  the  storage  tank  shall  not  vary  from  this  tem- 
perature more  than  3°  C.  (5°  F.)." 

This  is  a  much  more  rigid  requirement  than  that  in 
the  older  specification,  which  stated  that  the  air  and 
water  should  be  maintained  as  nearly  as  practicable  at 
a  temperature  of  21°  C  (70°  F.)  and  did  not  give  a 
definite  tolerance  limit.  Testing  laboratories  may  find 
it  necessary  to  install  new  equipment  to  meet  the  new 
conditions.  In  the  Northern  States  the  problem  is  to 
maintain  the  necessary  amount  of  heat  in  the  fall  and 


spring,  while  in  the  Southern  States  the  greatest  diffi- 
culty is  in  reducing  heat  in  summer. 

In  designing  a  moist  closet  for  New  Hampshire 
conditions  the  following  features  were  considered — 

1.  Insulation  against  heat  and  cold. 

2.  Equipment  to  generate  and  control  the  necessary 
heat. 

3.  Equipment  to  maintain  the  maximum  degree  of 
humidity. 

The  closet  sidewalls  were  constructed  of  6-inch  hol- 
low tile  and  lined  with  l^-inch  cork  board  coated 
with  a  bituminous  mastic  one-quarter  inch  thick.  The 
cork  board  was  cut  into  slabs  12  by  36  inches  in  size 
and  cemented  to  the  tile  by  a  rich  cement-sand  mortar. 
The  cork  was  treated  with  a  chemical  sealer  to  prevent 
staining  by  the  mastic.  Three  coats  of  a  cement- 
stucco  paint  were  applied  to  the  mastic  coat  after  the 
wall-board  was  placed.  The  room  has  been  in  opera- 
tion for  three  months  and  there  is  not  the  least  sign  of 


Fig.    1. — Sketch   Showing    Arrangement    of   Temperature  and  Moisture  Controls  for  Moist  Closet 
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the  mastic  causing  discoloration.  The  floor  is  made  of 
concrete,  and  the  top  of  the  closet  is  constructed  of 
4  inches  of  reinforced  concrete.  The  door  is  of  wood 
and  is  lined  with  cork.  This  construction  has  been 
found  to  give  entirely  satisfactory  insulation. 

HEAT   CONTROL   EQUIPMENT 

Two  possible  sources  of  heat  were  considered,  steam 
from  the  heating  plant  of  the  building  and  electricity. 
It  was  decided  that  steam  heat  could  not  be  regulated 
satisfactorily,  while  electric  heating  could  be  easily 
controlled,  and  in  addition  would  be  available  at  all 
times,  although  more  costly. 

The  heating  units  used  were  500-watt  capacity  heaters. 
Four  of  these  were  connected  in  series  and  eight  in 
parallel.  The  series  group  was  connected  to  a  liquid- 
type  thermostat  set  at  65°  F.  and  the  parallel  group 
was  connected  to  a  similar  thermostat  set  at  60°  F. 
The  latter  were  wired  through  a  110-volt,  60-ampere 
remote  control  switch.  But  little  use  has  been  made 
of  this  group  as  the  temperature  has  not  fallen  to  the 
point  where  it  comes  on.  Figure  1  shows  that  the  heat- 
ing units  are  arranged  in  four  groups,  each  consisting 
of  one  of  the  units  in  series  and  two  of  those  in  parallel. 
It  is  necessary  that  the  heating  units,  switches,  ther- 
mostats, and  connections  be  of  the  best  type  and  not 
affected  by  corrosive  action  in  the  warm  humid  atmos- 
phere. These  heaters  require  considerable  current  and 
it  is  necessary  that  the  wires  and  insulation  be  of  the 
very  best.  The  main  feed  consists  of  No.  6  rubber- 
covered  wire  while  all  outside  wiring  is  No.  4  common 
covered  wire.  Owing  to  the  excessive  heat  and  damp- 
ness, the  wires  connecting  the  fuse  block  and  control 
switch  are  No.  14  and  of  the  slow-burning  type. 

At  the  present  time  a  recording  thermometer  has 
not  been  installed  and  it  is  necessary  to  take  readings 
at  different  periods  of  the  day.  Typical  observations 
covering  a  week  have  been  recorded  as  follows: 


Date 

Temperature  in  degrees 
Fahrenheit 

8.30  a.  m. 

12  m. 

5  p.  m. 

Nov.  15..  _ 

68.7 
66.2 
70.1 

65.7 
67.1 
66.9 

66.9 
68.5 

6S.  (1 

68.0 
69  l 
67.1 

66.9 

Nov.  16                                                 

70.7 

Nov.  17.                       

67.5 

Nov.  18. 

68.0 

Nov.  19..             

67.1 

Nov.  20 

EQUIPMENT   TO   MAINTAIN   HUMIDITY 

Two  humidifiers  supply  a  very  fine  fog  spray.  They 
are  connected  with  water  and  compressed  air.  By 
adjustment  it  is  possible  to  get  nearly  any  degree  of 
humidity  required.  During  the  fall  and  winter  the 
water  is  very  cold.  Unless  it  is  tempered  somewhat 
by  the  use  of  warm  water  and  a  mixing  valve  there  is 
a  great  demand  on  the  heaters  to  keep  the  room  to  the 
desired  temperature.  The  purpose  of  the  mixing  valve 
is  simply  to  reduce  the  expense  of  operating.  The 
heaters  will  keep  the  temperature  up,  however,  if  tem- 
pered water  is  not  introduced.  The  humidifying  appa- 
ratus also  serves  to  keep  the  atmosphere  in  the  cham- 
ber in  constant  motion  and  at  a  uniform  temperature 
throughout. 

Pans  for  the  storage  of  briquettes,  and  2  by  4-inch 
cylinders  have  been  installed  in  this  room.  The  pans 
are  arranged  in  such  a  manner  that  a  small  trickle  of 


water  empties  into  a  holding  tank  which  allows  the 
water  to  come  to  the  temperature  of  tin-  room  and  the 
water  overflows  into  a  pan  in  which  briquette-  are 
stored.  In  the  second  pan  there  is  an  overflow  pipe 
which  empties  into  another  pan  below.  Five  pans, 
including  the  storage  pan,  are  placed  in  this  way  and 
are  supported  by  a  frame  made  of  angle  irons,  the  joints 
of  which  have  been  electrically  welded.  This  was  (hue 
to  avoid  the  rusting  of  screws/bolts,  and  washers.  Tw.  > 
pans  much  longer  and  deeper  than  the  one  described 
above  are  used  for  the  storage  of  cylinders.  The  room 
is  large  enough  to  store  all  the  concrete  cylinders  the 
laboratory  will  be  called  upon  to  test. 

A  large  stock  bottle  of  distilled  water  for  mixing  is 
kept  in  this  room  at  all  times.  Enough  is  drawn  off  for 
each  test  and  as  a  result  the  requirement  of  keeping  the 
mixing  water  within  the  tolerated  limits  ran  be  carried 
out.  Immediately  upon  making  the  pats  for  initial 
and  final  set  and  for  the  steam  test  they  are  placed  in 
this  room  upon  a  slate-covered  bench  and  are  kept 
there  during  the  period  required. 

(Continued  from  page  249) 

subgrades.  Prior  to  construction  a  detailed  survey  is 
made  of  all  subgrades  and  soil  samples  are  obtained 
for  laboratory  test.  These  test  results  then  determine 
both  the  locations  for  and  character  of  treatment. 
Subgrade  treatments  of  sand  are  provided  for  all  loca- 
tions in  which  the  lineal  shrinkage  exceeds  5  per  cent 
and  the  thickness  of  the  sand  layer  used  depends  on 
the  extent  by  which  the  moisture  equivalent  exceeds 
20  per  cent.  This  is  determined  by  reference  to  a  curve 
which  shows  the  percentage  of  sand  required  to  reduce 
the  moisture  equivalent  from  any  amount  to  20  per 
cent.  While  the  method  of  treatment  and  the  limits 
of  5  and  20  per  cent  might  be  subject  to  variation, 
the  practice  of  using  subgrade  information  forecasts  its 
utilization  in  the  future  on  all  highways. 

EFFECT  OF  HIGHWAY  SLASH  ON  INFESTATION  BY 
WESTERN  PINE  BEETLE  STUDIED 

The  Bureau  of  Entomology  of  the  United  States 
Department  of  Agriculture  has  recently  completed  a 
four-year  investigation  of  the  effect  of  slash  from  high- 
way clearing  on  insect  infestation  of  surrounding 
timber.  The  work  was  conducted  by  J.  E.  Patterson, 
assistant  entomologist,  on  a  highway  in  the  Cascade 
Mountains  of  southern  Oregon. 

It  has  been  known  that  slash  in  all  sections  of  the 
country  is  usually  infested  by  one  or  more  species  of 
two  groups  of  forest  insects  commonly  known  as  bark 
beetles  and  borers.  Until  recently,  however,  little  had 
been  done  to  make  a  scientific  analysis  of  the  relation 
between  such  infestations  and  infestations  in  surround- 
ing timber. 

The  Bureau  of  Entomology  began  its  study  in  1920 
with  the  clearing  of  a  highway  through  a  larger  timber 
area  consisting  of  yellow  pine,  sugar  pine,  Douglas  fir, 
white  fir,  and  true  fir.  The  slash  consisted  of  entire 
trunks  and  tops  of  trees  dragged  to  either  side  of  a 
clearing  60  feet  wide  and  24  miles  long.  In  this  region 
the  western  pine  beetle  is  tin1  principal  based  enemy  of 
the  mature  western  yellow  pine. 

To  investigate  the  relationship  of  the  slash  to  the 
attack  and  breeding  of  hark  bettles,  1  square  foot  of 
bark  was  taken  from  the  middle  of  the  butt  cant  of 
each  felled  tree  after  the  emergence  of  the  broods  and 
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entrance  and  exit  holes  counted.  These  data  were 
then  compared  with  data  from  standing  trees  which  had 
been  attacked  by  bark  beetles. 

The  conclusions  were  as  follows : 

Line  slash  of  the  character  here  considered  is  very- 
attractive  to  the  bark  beetle  Dendroctonus  brevicomis, 
practically  all  such  slash  being  attacked  by  this  insect. 

The  attack  of  this  bark  beetle  on  the  slash  is  not  so 
heavy  as  its  attack  on  mature  standing  timber.  In  the 
particular  case  studied  approximately  one-half  as  many 
beetles  attacked  a  unit  area  of  bark  on  the  felled  trees 
as  attacked  an  equal  area  on  standing  timber. 

The  broods  developing  in  slash  are  characterized  by 
abnormal  mortality.  The  increase  of  beetles  develop- 
ing in  the  slash  studied  was  only  64  per  cent  of  the 
number  of  beetles  making  the  attack,  whereas  the 
corresponding  increase  in  adjacent  standing  timber  at 
the  same  time  was  135  per  cent. 

Bark  beetles  from  the  surrounding  standing  timber 
are  attracted  to  the  slash  at  the  time  of  attack,  and  a 
temporary  concentration  of  infestation  occurs  in  its 
immediate  vicinity.  Normal  distribution  of  the  infes- 
tation is  resumed  within  a  year. 

The  concentration  just  mentioned  and  the  breeding  of 
beetles  in  line  slash  do  not  increase  or  greatly  influence 
infestations  in  the  surrounding  forests.  The  cycle  of  an 
infestation  continues  regardless  of  the  slash. 

This  study  indicates  that  the  infestation  of  line  slash 
by  Dendroctonus  brevicomis  is  not  a  serious  menace  to 
neighboring  mature  timber,  and  may  be  disregarded 
when  the  problem  of  slash  disposal  is  under  con- 
sideration. 


To  illustrate  the  influence  of  this  admixture  on  the 
soundness,  18  cement  pats  were  prepared,  9  of  which 
were  mixed  with  pure  water,  and  the  remainder  with 
5  per  cent  by  weight  of  calcium  chloride.  After  curing 
for  a  few  days  in  water  at  15°  C,  3  of  the  9  pats  mixed 
with  pure  water  had  developed  cracks,  but  all  of  those 
with  the  admixture  were  intact. 

Efflorescence  increases  when  calcium  chloride  is 
added  in  strong  proportions,  due,  no  doubt,  to  the 
deliquescence  of  the  chemical  and  the  constant  humid- 
ity of  the  cement  as  thus  maintained. 

Table  1  illustrates  the  influence  of  calcium  chloride 
admixture  on  the  time  of  setting. 

Table  1. — The  influence  of  calcium  chloride  admixtures  on  the 
time  of  setting  of  cement 


Cement 

Cement  mixed 

with  pure 

water 

Cement  with 

about  3  per  cent 

of  CaCh 

Cement  with 

about  6  per  cent 

of  CaCla 

Initial 
set 

Final 
set 

Initial 
set 

Final 
set 

Initial 
set 

Final 
set 

H.  m. 
4     10 
3     .. 
3    15 

3    15 

E.  m. 
6    40 
6    45 

6    45 

19    .. 

H.m. 
0    20 
0    16 
0    15 
3    45 

H.  m. 
1    05 

1  20 

2  30 
11    30 

H.  TO. 

0    12 
0    04 

0  04 

1  45 

H.  TO. 

0    35 

Holderbank 

0    11 

Ordinary  Portland-       

0    17 

Slag 

6    15 

THE  ACTION  OF  CALCIUM  CHLORIDE  ON  CEMENTS1 


It  must  be  observed  in  passing  that  the  6  per  cent 
admixture  is  not  to  be  recommended  for  use  with  the 
Holderbank  and  ordinary  Portland  cement,  as  the 
four-minute  time  of  initial  setting  is  too  short  a  period 
to  employ  in  practice. 

Table  2  indicates  the  resistance  to  compression  in 

Some  interesting  observations  as  to  the  action  of    p°!m^f  Per  squar^  ^ch'  and  the  influence  of  calcium 
calcium  chloride  on  cements  are  contained  in  an  article    chloride   as   an   admixture, 
by  M.  Anstett  in  Le  Genie  Civil  for  October  2,  1926.    _,  _     „,     .  .  ,     7  .        .,.,-,., 

rni-      „,.<.•  i„    •      i.i,„  n      t  ;    „«  *;      j.,-  ii,~      Iable  2. —  1  he  influence  of  calcium  chloride  admixtures  on  the 

This  article  is  the  result  of  an  investigation  on  the  compressive  strength  of  cement 

corrosive  action  of  calcium  chloride  on  steel  reinforce- 
ment. 

It  was  found  that  very  dilute  mixtures  of  calcium 
chloride,  such  as  a  few  grams  per  liter  of  mixing  water, 
retarded  the  setting  of  the  cement  quite  noticeably. 
Concentrated  solutions,  such  as  100  to  400  grams  per 
liter,  accelerated  the  setting  and  hardening.  The 
calcium  chloride  admixture  is  a  stabilizer  of  mortar, 
due  no  doubt  to  its  affinity  for  free  lime  such  as  is  pres- 
ent in  varying  amounts  in  all  cements.  The  elimina- 
tion by  combination  of  this  free  lime  without  delay 
removes  a  frequent  cause  of  swelling  and  disintegration 
of  concrete. 

Mixed  with  a  strong  solution  of  calcium  chloride, 
the  cement  acquired  considerable  compressive  strength 
in  a  very  short  time,  but  samples  of  a  similar  mixture 
disintegrated  as  a  result  of  immersion  in  water  a  few  The  admixture  of  6  per  cent  calcium  chloride  was 
moments  after  setting.  Other  specimens  that  had  cured  apparently  harmful  where  the  temperature  of  the 
in  air  for  15  to  20  hours  remained  intact  during  sub-  bath  was  15°  C,  except  for  ordinary  Portland  cement, 
mergence  m  water.  Other  factors  are  known  to  in-  It  is  of  some  advantage  where  exposed  to  temper- 
fluence  the  effect  of  calcium  chloride.  atures   as  low   as  minus  20°   C,   for  the   specimens 

mixed  with  pure  water  developed  practically  no  strength 
at  this  temperature. 


Test  specimens  cured 

Cement 

In  water  at  15°  C.    " 

In  air  at  minus 
20°  C. 

Mortar  mixed  with 
pure  water 

Mortar  mixed  with 
6  per  cent  CaCh 

Mortar  mixed  with 
6  per  cent  CaClj 

2  days 

7  days 

2  days 

7  days 

2  days 

7  days 

Aluminate 

Lbs.  per 

sg.  in. 

3,300 

950 

336 

266 

Lbs.  per 

sg.  in. 

4,600 

2,740 

1,510 

826 

Lbs.  per 

sg.  in. 

2,350 

2,340 

1,070 

28 

Lbs.  per 

sg.  in. 

2,370 

2,510 

1,770 

168 

Lbs.  per 

sg.  in. 

1,720 

1,340 

700 

28 

Lbs.  per 
sg.  in. 
2,480 

Holderbank 

3,020 

Ordinary  Portland.  _ 
Slag 

1,316 
826 

•Translated  and  abstracted  by  C.  S.  Jarvis,  associate  highway  engineer,  Bureau 
of  Public  Roads. 
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ROAD  PUBLICATIONS  OF  BUREAU  OF  PUBLIC  ROADS 


Applicants  are  urgently  requested  to  ask  only  for  those  publications  in  which  they  are 
particularly  interested.  The  Department  can  not  undertake  to  supply  complete  sets 
nor  to  send  free  more  than  one  copy  of  any  publication  to  any  one  person  The  editions 
of  some  of  the  publications  are  necessarily  limited,  and  when  the  Department's  free  supply 
is  exhausted  and  no  funds  are  available  for  procuring  additional  copies,  applicants  art- 
referred  to  the  Superintendent  of  Documents,  Government  Printing  Office,  this  city,  who 
has  them  for  sale  at  a  nominal  price,  under  the  law  of  January  12,  1895.  Those  publica- 
tions in  this  list,  the  Department  supply  of  which  is  exhausted,  can  only  be  secured  bg 
purchase  from  the  Superintendent  of  Documents,  who  is  not  authorized  to  furnish  pub- 
lications free, 

ANNUAL  REPORTS 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 
♦Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1926.    5c. 

DEPARTMENT  BULLETINS 

No.  105D.  Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1913. 
*136D.  Highway  Bonds.     20c. 
220D.  Road  Models. 

257D.   Progress  Report  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1914. 
*314D.    Methods  for  the  Examination  of  Bituminous  Road 
Materials.     10c. 

*347D.  Methods  for  the  Determination  of  the  Physical 
Properties  of  Road-Building  Rock.     10c. 

*370D.  The   Results  of   Physical    Tests    of    Road-Building 

Rock.     15c. 
386D.  Public  Road  Mileage  and   Revenues  in  the  Middle 

Atlantic  States,  1914. 
387D.   Public  Road  Mileage  and  Revenues  in  the  Southern 

States,  1914. 
388D.  Public    Road   Mileage   and    Revenues   in   the   New 

England  States,  1914. 
390D.   Public   Road  Mileage  and  Revenues  in   the  United 

States,  1914.     A  Summary. 
407D.   Progress  Reports  of  Experiments  in  Dust  Prevention 
and  Road  Preservation,  1915. 

*463D.  Earth,  Sand-Clay,  and  Gravel  Roads.     15c. 

*532D.  The  Expansion  and  Contraction  of  Concrete  and 
Concrete  Roads.     10c. 

*537D.  The  Results  of  Physical  Tests  of  Road-Building 
Rock  in  1916,  Including  all  Compression  Tests.    5c. 

*583D.  Reports  on  Experimental  Convict  Road  Camp, 
Fulton  County,  Ga.     25c. 

*660D.  Highway  Cost  Keeping.     10c. 

*670D.  The  Results  of  Physical  Tests  of  Road-Building 
Rock  in  1916  and  1917.     5c. 

*691D.  Typical  Specifications  for  Bituminous  Road  Mate- 
rials.    10c. 

*724D.   Drainage    Methods    and    Foundations    for    County 
Roads.     20c. 
*1077D.  Portland  Cement  Concrete  Roads.     15c. 
*1132D.  The  Results    of   Physical   Tests    of   Road-Building 
Rock  from  1916  to  1921,  Inclusive.     10c. 

1259D.  Standard  Specifications  for  Steel  Highway  Bridges, 
adopted  by  the  American  Association  of  State  High- 
way Officials  and  approved  by  the  Secretary  of 
Agriculture  for  use  in  connection  with  Federal-aid 
road  work. 

1279D.  Rural  Highway  Mileage,  Income,  and  Expenditures, 
1921  and  1922. 


DEPARTMENT  CIRCULARS 

No.  94C.  TNT  as  a  Blasting  Explosive. 

331C.  Standard  Specifications    for  Corrugated    Metal   Pipe 
Culverts. 

MISCELLANEOUS  CIRCULARS 

No.  60M.  Federal   Legislation   Providing   for    Federal    Aid    in 
Highway  Construction. 
62M.  Standards  Governing  Plans,  Specifications,   Contract 
Forms,  and  Estimates  for  Federal  Aid    Highway 
Projects. 

FARMERS'  BULLETINS 

No.  *338F.  Macadam  Roads.     5c. 

*505F.   Benefits  of  Improved  Roads.     5c. 

SEPARATE  REPRINTS  FROM  THE  YEARBOOK 

No.  *739Y.   Federal  Aid  to  Highways,  1917.     5c. 
*849Y.  Roads.     5c. 
914Y.   Highways  and  Highway  Transportation. 

OFFICE  OF  PUBLIC  ROADS  BULLETIN 

No.    *45.   Data  for  Use  in  Designing  Culverts  and  Short-Span 
Bridges.     (1913.)      15c. 

OFFICE  OF  THE  SECRETARY  CIRCULARS 

No.      49.    Motor  Vehicle  Registrations  and  Revenues,  1914. 

59.   Automobile  Registrations,  Licenses,  and  Revenues  in 

the  United  States,  1915. 

63.  State  Highway  Mileage  and  Expenditures  to  January 

1,  1916. 

*72.   Width  of   Wagon  Tires  Recommended  for  Loads  of 

Varying  Magnitude  on  Earth  and  Gravel  Roads.    5c. 

73.   Automobile  Registrations,  Licenses,  and  Revenues  in 

the  United  States,  1916. 
161.   Rules  and  Regulations  of  the  Secretary  of  Agriculture 
for   Carrying   Out  the   Federal    Highway    Act  and 
Amendments  Thereto. 

REPRINTS    FROM    THE   JOURNAL   OF    AGRICULTURAL 
RESEARCH 


Vol.    5,  No.  17,  D- 


Vol. 


Vol. 


6. 


2.  Effect  of  Controllable  Variables  upon 
the  Penetration  Test  for  Asphalts  and 
Asphalt  Cements. 

3.  Relation  between  Properties  of  Hardness 
and  Toughness  of  Road-Building  Rock. 

A   New   Penetration   Needle  for   Use  in 
Testing  Bituminous  Materials. 

Influence  of  Grading  on  the  Value  of 
Fine  Aggregate  Used  in  Portland  Ce- 
ment Concrete  Road  Construction. 
Vol.  11,  No.  10,  D-15.  Tests  of  a  Large-Sized  Reinforced-Con- 
crete  Slab  Subjected  to  Eccentric  Con- 
centrated Loads. 


5,  No.  19,  D 
5,  No.  24,  D 
Vol.  10,   No.    5,  D-12 


•  Department  supply  exhausted. 
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